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This TLC atlas now includes about 230 medicinal plants of worldwide interest. The 
photographs of the TLC fingerprints and the descriptions of the characteristic com¬ 
pounds of each plant extract are a quick and reliable source for the identification and 
purity check of plant material and phytopreparations. 

Most of the TLC systems are standard systems and have been optimized when necessary. 
In spite of other available analytic techniques, such as gas chromatography and high 
performance liquid chromatography, TLC still remains a most useful, quick, effective, 
and low-cost method for the separation and identification of complex mixtures of herbal 
drug preparations and plant constituents. 
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Introduction 


Thin-Layer Chromatographic Analysis of Drugs 


Of the many chromatographic methods presently available, thin-layer chromatography 

(TLC) is widely used for the rapid analysis of drugs and drug preparations. There are 

several reasons for this: 

• The time required for the demonstration of most of the characteristic constituents of 
a drug by TLC is very short. 

• In addition to qualitative detection, TLC also provides semi-quantitative information 
on the major active constituents of a drug or drug preparation, thus enabling an 
assessment of drug quality. 

• TLC provides a chromatographic drag fingerprint. It is therefore suitable for monitor¬ 
ing the identity and purity of drugs and for detecting adulterations and substitutions. 

• With the aid of appropriate separation procedures, TLC can be used to analyze drug 
combinations and phytochemical preparations. 


Photographic Record of Thin-Layer Separations of Drug Extracts 
(A Photographic TLC Drug Atlas) 


• A photographic TLC atlas fulfils the same function and purpose as a catalogue of 
spectra. The identity or non-identity of an official drug can be established by compari¬ 
son with the chromatogram of the “standard drug”. 

• Unknown commercial drugs can be classified by comparison with the visual record in 
the TLC atlas. 

• The photographic drug atlas is an aid to the routine identification and purity testing 
of drags in control laboratories, and it can be used without previous pharmacognostic 
training. 

• Photographic reproduction of thin-layer separations has a large didactic advantage 
over mere graphic representation. The TLC photo-drug atlas has an immediate clarity 
of representation that facilitates the learning of TLC drug analysis for the student. 


Compilation of a TLC Drug Atlas 


Compilation of a TLC drug atlas was governed by certain preconditions, related to the 
source of the drugs, the TLC technique in general and the photographic reproduction of 
the thin-layer chromatograms. 
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Source of the 
drugs 


Extraction 

conditions 


TLC 


Chromatography 

solvents 


Concentration of 
substances for TLC 


Detection methods 


Photography 


The drugs used in the compilation of a drug atlas must meet the standards of 
the official pharmacopoeia, and they must originate from a dearly identified botanical 
source. , , 

Slight variations in the chromatographic picture, due to botanical varieties or diffei- 
ences in cultivation, climatic conditions, time of harvesting and drying and extraction 
methods are normal. 

The chosen extraction procedures should be fast, but efficient, according to present 
scientific knowledge. They have often been adopted from the pharmacopoeias and 
modified when new drug substances or separation problems have been encountered. 

Reproducible TLC separations can be guaranteed only if standardized adsorption layers 
are used. Commercially available TLC plates were therefore used (Silica gel 60 V m - 
precoated TLC plates; Merck, Germany). Silica gel is an efficient adsorbent for the TLC 
separation of most of the drug extracts. In specific cases aluminium oxide- or celiulose- 
precoated plates (Merck, Germany) have been used. 

Since special chromatography rooms are not always available, all TLC separations 
were performed at room temperature, i.e. 18°~22°C. Details of the TLC technique can 
be found in pharmacopoeias and books on methodology (see Standard Literature and 
Pharmacopoeias). Generally a distance of 15 cm is used for the development of a 
chromatogram. 

In choosing suitable solvent systems, preference has been given to those which are not 
too complicated in their composition, which possess minimal temperature sensitivity 
and wh ich give exact and sufficient separation of constituents, enough for a significant 
characterization of the drug. 

In order to obtain sharply resolved zones, the quantity of material applied to the chro¬ 
matogram should be as small as possible. Rather large sample volumes are, however, 
often necessary for the detection (by colour reactions) of substances that are present in 
low concentration; this inevitably results in broadening and overlapping of zones. 

For the detection of the main, characteristic compounds of a drug, methods were chosen 
that give the most striking colours. 

The active principles of a group of drugs maybe very similar (e,g. drugs from Solanaeeae 
or saponin drugs), so that differentiation and identification are difficult or impossible on 
the basis of the active principles alone. In such cases, other classes of compounds have 
been exploited for the purposes of differentiation. 

For drugs with unknown or incompletely known active principles, identification has 
been based on other non-active, but easily detectable constituents that can be regarded 
as “guide substances”. 

The developed chromatograms were photographed on Kodak Gold 100 (Negativfilm) or 
Kodak EPY (diapositive film). To achieve authentic colour reproduction, different com¬ 
mercially available yellow and ultraviolet (UV) filters (e.g. B4 W 409) are used. Photo¬ 
graphy in UV-365nin needs a specific technique of exposure, individual times for each 
type of fluorescent compound and, last but not least, a great deal of experience. Further 
information on photography is given in the publication by E. HAHN-DE1NSTROP 
(Chromatographic, GIT Suppl. 3/1989, pp, 29-31), 



1 Alkaloid Drugs 


Most plant alkaloids are derivatives of tertiary amines, while others contain primary, 
secondary or quarternary nitrogen. The basicity of individual alkaloids varies consider¬ 
ably, depending on which of the four types is represented. The pK„ values (dissociation 
constants) lie in the range of 10-12 for very weak bases (e.g, purines), of 7-10 for weak 
bases (e.g. Cinchona alkaloids) and of 3-7 for medium-strength bases (e.g, Opium 
alkaloids). 


1.1 Preparation of Extracts 

Alkaloid drugs with medium to high alkaloid contents (^1%) 

Powdered drug (lg) is mixed thoroughly with lm! 10% ammonia solution or 10% 
Na 2 C0 3 solution and then extracted for 10 min with 5 ml methanol under reflux. The 
filtrate is then concentrated according to the total alkaloids of the specific drug, so that 
100 pi contains 50-100fig total alkaloids (see drug list, section 1.4). 

Harmalae semen: Powdered drug (lg) is extracted with 10 ml methanol for 30 min 
under reflux. The filtrate is diluted 1:10 with methanol and 2Gpl is used for TLC. 

Strychni semen: Powdered seeds (1 g) are defatted with 20 m! n-hexane for 30min under 
reflux. The defatted seeds are then extracted with 10ml methanol for 10min under 
reflux. A total of 30pi of the filtrate is used for TLC. 

Colchiri semen: Powdered seeds (1 g) are defatted with 20ml n-hexane for 30min under 
reflux. The defatted seeds are then extracted for 15 min with 10ml chloroform. After this, 
0.4 ml 10% NHj is added to the mixture, shaken vigorously and allowed to stand for 
about 30 min before filtration. The filtrate is evaporated to dryness and the residue 
solved in 1 ml ethanol: 20 pi is used for TLC investigation. 


Alkaloid drugs with low total alkaloids (<1%) 

Powdered drug (2g) is ground in a mortar for about lmin with 2mi 10% ammonia 
solution and then thoroughly mixed with 7g basic aluminium oxide (activity grade I). 
This mixture is then packed loosely into a glass column (diameter, 1.5 cm; length, 20 cm) 
and 10 ml CHCl, is added. Alkaloid bases are eluted with about 5 ml CHC1 ;! and the 
eluate is collected, evaporated to 1 ml and used for TLC. 

This method is suitable for the Solanaceae drugs, e.g. Belladonnae or Scopoliae radix and 
Stramonii semen, which should be defatted first by extraction with n-hexane or light 
petroleum. Leaf extracts contain chlorophylls, which can interfere with the TLC separa¬ 
tion. In such cases extraction with sulphuric acid (described below) is recommended. 


General method, 
extraction 
method A 


Exception 


Enrichment 
method, extraction 
method B 
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Sulphuric acid Powdered drug (0.4-2g) is shaken for 15 min with 15ml 0.1 N sulphuric acid and then 
extraction filtered. The lilter is washed with 0.1 N sulphuric acid to a volume of 20ml filtrate; ! ml 
method C concentrated ammonia is then added, The mixture is shaken with two portions of" 10ml 
diethyl ether. The ether is dried over anhydrous sodium sulphate, filtered and evapo¬ 
rated to dryness and the resulting residue dissolved in 0,5 ml methanol. 

This is the preferred method for leaf drugs, e.g. Belladonnae folium (0.6g), Stramonii 
folium (0.4 g), Hyoscyami folium (2g) or Fumariae herba (1 g). 


1.2 Thin-Layer Chromatography 

Drug extracts The samples applied to the TLC plate should contain between 50 and 100 pg total 
alkaloids, which have to be calculated according to the average alkaloid content of the 
specific drug (see 1.4 Drug List). 

Example; Powdered drug (1 g) with a total alkaloid content of 0,3%, extracted with 5ml 
methanol by the general method described above will yield 3mg in 5 ml methanolic 
solution, containing approximately 60 pg total alkaloids per lOOpl. 

Reference • Com mercially available compounds are usually prepared in 1% alcoholic solution and 
compounds lOpl is applied for TLC, e.g. atropine, brucine, strychnine, berberine, codeine. 

• Rauvolfia alkaloids are prepared in 0.5% alcoholic solution, and 10|il is applied for 
TLC, e.g. reserpine, rescinnamine, rauwolscine, ajmaline, serpentine. 

• Colchicine is prepared as a 0.5% solution in 70% ethanol, and 10pi is applied for TLC. 

Alkaloid references can also be obtained from pharmaceutical products by a simple 
methanol extraction. The sample solution used for TLC should contain between 50 and 
lOOpg alkaloid. 

• Alkaloid content 10-250mg per tablet or dragee; 

One powdered tablet or dragde is mixed with 1 ml methanol per 10 mg alkaloid and 
shaken for about 5 min at 60°C. After filtration or centrifugation, the extract is applied 
directly; 10(1.1 then corresponds to lOOpg alkaloid. 

• Alkaloid content 0.075-1.0mg per tablet or dragee: 

Ten powdered tablets or dragees are mixed with 10ml methanol, shaken for about 
5min at 60°C and filtered and the filtrate evaporated to dryness. The residue is 
dissolved in 1 ml methanol and, if necessary, the solution cleared by centrifugation; 
lOpl of this solution contains 100 fig alkaloid (1.0mg/tablet), or 100f.ll contains 75 fig 
alkaloid (0.075mg/tablet). 

Test mixtures • Cinchona alkaloids test mixture for Cinchonae (Chinae) cortex (DAB 10) 

A mixture of 17.5mg quinine, 0.5mg quinidine, lOmg cinchonine and lOmg 
cinchonidine is dissolved in 5 ml ethanol, and 2 pi of this solution is applied for TLC. 

• Test mixture for Solanaceae drugs (DAB 10) 

A total of 50mghyoscyamine sulphate is dissolved in 9ml methanol and 15mg scopol¬ 
amine hydrobromide in 10 ml methanol. 

For Belladonnae folium (T1): 1.8ml scopolamine hydrobromide solution is added to 
8ml hyoscyamine sulphate solution; 20 pi is used for TLC. 
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For Hyoscyami folium (T2): 4.2mL scopolamine hydrobromide solution is added to 
3.8ml hyoscyamine sulphate solution; 20pi is used for TLC. 

For Stramonii folium (T3): 4.2ml scopolamine hydrobromide solution is added to 
3.8ml hyoscyamine sulphate solution; 20pi is used for TLC. 

Silica gel 60 P^-pre coated TLC plates (Merck, Darmstadt, Germany) 

► The principal alkaloids of the most common alkaloid drugs can be identified. 

Aluminium oxide-precoated TLC plates (Merck, Darmstadt, Germany) 

► More suitable for the separation of berberine, columbamine and jatrorrhizine. 


Solvent system 

Drug, alkaloids 

Toluene-ethyl acetate-diethyJamine 
(70:20:10) 

Screening system, suitable for the 
major alkaloids of most drugs 

Chloroform -die th yl a mi ne (90:10) 

Chinae cortex; Cinchona alkaloids 

Acetone-light petroleum-diethyl amine 
(20:70:10) 

Gelsemii radix 

Cyclohexane-ethanol-diethylamine 

(80:10:10) 

Cyclohexane-chloroform-diethylamine 

(50:40:10) 

Aconiti tuber 

Chloroform-ace tone-diethylamine 
(50:40:10) 

Chloroform-methanol-am mo n i a 10% 
(80:40:15) 

Harm ala e semen 

Ethyl acetate-isopropanol-ammonia 

25% (100:2:1) 

Uncariae cortex 

Dioxane-ammonia 25% (90:10) 

Adhatodae folium 

Ethyl acetate-cyclohexane-methanol- 
ammonia 25% (70:15:10:5) 

Ephedrae herba 

Ethyl acetale-methanol-water 
(100:13.5:10) 

Screening system, suitable e.g. for 
xanthine derivatives, Colchicum 
and Rauvolfia alkaloids 

Ethyl acetate-methanol (90:10) 

V incae herba 

Ethyl acetate-methanol (60:20) 

Catharanthi folium 

T.ol u ene™ chloro form-eth a nol 
(28.5:57:14.5) 

Secale alkaloids 

Ephedrae herba 

n-Propanol-formic acid-water (90:1:9) 

Berberidis cortex, Hydrastis 
rhizoma, Colombo radix, Chelidonii 
herba 

n-Butanol-ethyl acetate-formic acid- 
water (30:50:10:10) 

Mahoniae radices cortex 


Adsorbent 


Chromatography 

solvents 
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Solvent system 

Ethyl acetate-ethylmethyl ketone- 
formic acid-water (50:30:10:10) 

Cyclohexane-chioroi : orm-glacial acetic 
acid (45:45:10) 

Chloro fo rm -m e thanol-glad al a cetic 
acid (47.5:47.5:5) 

n«Butanol-glacial acetic acid-water 
(40:40:10) 


Drug, alkaloids 

Fumariae herba, Corydalidis 
rhizoma 

Berber] ne- and protoberberine-type 
alkaloids 

Genistae herba, Sarothamni herba> 
Spartii scop, fios 
Cathacanthus alkaloids 


13 Detection 

* UV-254nm Pronounced quenching of some alkaloid types such as indoles, quino¬ 

lines, isoquinolines, purines; weak quenching ot e.g- tropine alkaloi s 

* UV-365 nm Blue, blue-green or violet fluorescence ot alkaloids, e.g. Rauvolliae i adix, 

Chinae cortex, Ipecacuanhae radix, Boldo folium. Yellow fluorescence, 
e.g. colchicine, sangu marine, berberine 

* Spray reagents (see Appendix A) 

- Draeendorff reagent (DRG No.13) 

The alkaloids appear as brown or orange-brown (vis.) zones immediately on spiay- 
\ n « The colour is fairly stable. Some types such as purines or ephedrine need, special 
detection. The colour of alkaloid zones can be intensified or stabilized by spraying 
first with Dragendorff reagent and then with 10% sodium nitrite solution or 10/a 
ethanolic sulphuric acid. 

lodoplatinate reagent (IP No.21) 

rectiy after spraying, alkaloids appear as brown, blue or whitish zones (vis.) on the 


Di „ , _ 

blue-grey background of the TLC plate. 

Special detection 

Iodine-potassium iodide-HCL reagent (No.20) 
Iodine CHCt, reagent (No.19) 

Marquis reagent (No.26) 
van Urk reagent (No.43) 

Ninhydrine reagent (No.29) 

10% ethanolic 14,80,, (No.37) 


-4 purines 

emetine, cephaeline 
opium alkaloids 
—> secale alkaloids 
—> ephedrine 
china alkaloids 


1.4 Drug List 

The chromatograms of the specific alkaloid drugs are reproduced according to their 
alkaloid types (Fig. 1-30). 




1 Alkaloid Drugs 


7 


Drug/plant source Total alkaloids 

Family/pharmacopoeia Major alkaloids (for formulae see 

1.5 Formulae) 


Indole Alkaloids 


Pig, 3-10 


Rauvolfiae radix 
Rauvolfia, snake root 
Rauvolfia serpentina (L.) 
BENTH ex KURZ. 

Rauvolfia vomitoria AFZEL 

Apocynaceae 

DAB 10, USP XXII, MD 


Yohimbe cortex 

Yohimbe bark 

Pau&inystalia johimbe PIERRE 
Rubiaceae 

Quebracho cortex 

Aspidosperma bark 

Aspidosperma quebracho-blanco 

SCHLECHT 

Apocynaceae 

DAC 86 

Catharanthi folium 

Catharanthus leaves 
Catharanthus roseus (L.) G, DON, 
(syn. Vinca rosea L.) 

Apocynaceae 

MD 

Vtneac herba 
Common periwinkle 
Vinca minor L 
Apocynaceae 
MD 


0.6%-2.4% total alkaloids (R. serpentina) Fig. 3 
1.3%-3% total alkaloids (R. vomitoria) 

>50 alkaloids, yohimbane derivatives; 

Reserpine (0.14%), r esc inn amine (0.01%), 
epi-rauwoUdne (0.08%), serpetine (0.08%), 
serpentinine (0.13%), ajmaline (0,1%), 
ajmalicine (—raubasine 0,02%), raupine 
( 0 . 02 %) 

2.3%-3.9% total alkaloids Fig. 4 

Yohimbine and ten minor alkaloids, e.g. 
pseudoyohimbine and cory an theme 

0.3%-1.5% total alkaloids (>30) Fig. 4 

Yohimbine, pseudoyohimbine, aspido- 
spermine, aspidospermatine, 
qnebrac.ha.mine, hypoque brack amine, 
quebrachoddine 


0.15%-0.25% total alkaloids Fig. 4 

Vinblastine (0.01%), vincristine, vindoline, 
catharanthine, 

Root: <0.74% total alkaloids 


0.15% -1% total alkaloids Fig. 5 

Vincamine (0.05%-0.1%), vincaminine, 
vincamajine, v in cine, min ovine in e, 
reserpinine 


Strychni semen 

Poison nuts, Nux vomica seeds 
Strychnos nux-vomica L. 

Logan iaceae 

GAB, Helv. VII, MD, Japan 

Ignatii semen 

St. Ignaz beans 
Strychnos ignatii BERG 
Logan iaceae 


2%-3% total alkaloids Fig. 6 

Strychnine (>1%) and brucine (>1.5%), 
a- and fhcolubrine, vo mi cine; 
psendostrychnine, psendobrucine 


2.5%-3% total alkaloids Fig. 6 

Strychnine (45%-50%), brucine, 

12-hydroxy strychnine, 
a-colubrine, vomicine 
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Drug/plant source 
Family/pharmacopoeia 


Fig. 7 Secale cornutum 
Ergot 

Claviceps purpurea (FRIES) 
TULASNE 

Clavicipitaceae (Ascomycetes) 
OAB, MD 

Fig. 8 Gelsemii radix 

Yellow jasmine, wild woodbine 
Gelsemium sempervirens (L,) AIT, 
Loganiaceae 
MD 

Fig. 9 Harmalae semen 
Syrian (wild) rue 
Peganum harm ala L. 
Zygophyllaceae 


Fig. ioa Justiciae-adhatodae-folium 
Malabarnut leaves 
lusticia adhatoda L. 

(syn. Adhatoda vasica N'BES.) 

Acanthaceae 

MD 

Fig. I OB Uncariae radix 

Uncaria (“una de gato”) 
Uncaria tomentosa WILLD. 
Rubiaceae 


Total alkaloids 

Major alkaloids (for formulae see 
1.5 Formulae) 

0.2%-l% total alkaloids 
Ergot alkaloids, lysergic acid, alkaloids; 
amide alkaloids (ergometrine), 
peptide alkaloids (ergotamine), 
ergotoxin group (ergocristine) 

0.25%~0.7% total alkaloids 
Gel semi ne, sempervirine, 
(isogelsemine, gelsemicine) 


2.5%-4% total alkaloids 
Carbolinderivatives: harmaline (>60%), 
harmine, harmalol, harmidine 
Quinazoline alkaloids: (-)-vasicine (= 

( —) peganine), vasicinone 

0.5%-2% quinazoline alkaloids 
Vasicine (45-95%), vaskinine 
Vasicinone, oxyvasicinine (oxidation 
products, artefacts) 


>0,9% tetracyclic and pentacyclic 
oxindoles 

Rhychnophylline, isorhychnophylline, 
mitraphylline, isomitraphylline, 
pteropodine, isopteropodine, uncarine A, F 


Fig. 11 16 Quinoline and isoquinoline alkaloids 

alkaloids of the morph inane type (phenanthrene type) 


Fig. 11 Ipecacuanhae radix 
lpecacuanhae root 
Cephaelis ipecacuanha 
(BORT.) RICH, (Rio and Matto- 
G rosso) 

Cephaelis acuminata KARS TEN 
(Cartagena, Panama drugs) 
Rubiaceae 

DAB 10, Ph, Eur. 1, OAB, Helv. VII, 
BP 88, USP XXII, MD, DAC 86 


1.8%-6% total alkaloids 
Emetine and cephaeline (>95%), 
o-methylpsycho trine and psycho trine 
(corresponding dehydro compounds) 

1:1 —> 3:1 ratio of emetine to cephaeline 

1.7%-3.5% total alkaloids 

cephaeline (>50%), emetine; 

o-methyl psychotrine, psycliotrine (0.05%) 
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Drug/plant source 
Family/pharmacopoeia 

Total alkaloids 

Major alkaloids (for formulae see 1.5) 


Chinae cortex 

Cinchonae cortex 

Red Cinchona bark 

Cinchona pubescens VAML 
(syn. C. succirubra PA VON) 

DAB 10, OAB, Helv. VII, MD 

DAC 86 (tinct.) 

4%-]2% total alkaloids: approximately 

20 alkaloids; diastereomeres 

Quinine/quinidine and cinchonine/ 
cinchonidine 

quinine (0.8%-4%), qn.inidi.ne (0.02%-0.4%), 
cinchonine (1.5%-3%), cinchonidine 
(1.5%-5%) 

Fig. 12 

Cinchona calisaya WEDDEL 

Yellow Cinchona bark 

Rubiaceae USP XI 

Yellow Cinchona bark contains up to 

90% quinine 


Opium 

Opium 

Papaver somniferum L. 

subsp, somniferum and varieties 

Papaveraceae 

DAB 10, 0Aik Helv. VIJ, BP’88, 

MD, Japan (pulv.), USP XXII 
(tinct.) 

20%~29% total alkaloids 
raw opium: 30 alkaloids 

Phenanthrene type: morphine (3%- 
23%), codeine (0.3%-3%), thebaine 
(0.1%-3%) 

Be n zylisoq uinol I n e ty pe; pa paverine 
(0.1%-2%), noscapine (narcotine; 2%- 
12%), narceine (0.1%-2%) 

Fig. 13,14 

Corydalidis rhizoma 
Hollowroot-birthwort 

Corydalis cava (L.) SCHWEIGG 
et ICOERTE 

Papaveraceae, Fumariaceae 

China, Japan 

3-5% total alkaloids 

Berberine type*, corydaline, coptisine 
tetrahydropalmatine, canadine 

Aporphine type: bulbocapnine (0,2%-0,3%) 
(+) corytuberine, corydine 

Protopine 

Fig. 15 

Fumariae herba 

Fumitory herb 

Fumaria officinalis L. 

Papareraccae (Fumariaceae) 

0.5%— 1 % total alkaloids 

Protoberberine type (G.2%-0.4%) 
protopine 

► 0.5% flavonoids and phenol 
carboxylic acids, futnaric acid 

Fig. 16 

Miscellaneous classes of alkaloids 


Fig. 17-26 

Sarothaimii (Cytisi) herba 

Scotch broom tops 

Cytisus scoparius (L,) LINK 
(syn. Sarothamnus scoparia (L.)) 
Fabaceae 

MD, DAC 86 

G.3%-1.5% quinolizidine alkaloids 
>20 alkaloids. (— )-Sparteine (85%-90%), 
17-oxo-a-isospartdne, lupanine, 4- and 

13- hydroxylupanine 

► 0.2%-0.6% flavonoids: spiraeoside, 
isoquerci trine, scoparoside, 

► coumarins; caffeic acid derivatives 

Fig. 17 
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Drug/plant source Total alkaloids 

Family/pharmacopoeia Major alkaloids (for formulae see 13) 


Fig. 17 Spartiiflos 

Spartii juncei ilos 
Broomllowers 
Spartium junceum L. 

Fabaceae (Leguminosae) 

Fig. 18 Genistae herba 

Dyer's weed, Dyer's broom 
Genista tinctoria L. 

Fabaceae 

Note: The trivial name genistein is 
isosparteine). 

Fig. 19 Chelidonii herba 

Tetter wort, greater celandine 
Chelidonium majus L. 

Papaveraceae 
DAB 10 

v Chelidonii radix/rhizoma 

Fig. 20 Colchici semen 

Meadow saffron seeds 
Cotchicum autumnale L. 

Liliaceae 
DAC 86, MD 

Fig. 21 Berberidis radicis cortex 
Barberry root bark 
Berberis vulgaris L. 

Berberidaceae 

MD 

Fig. 21 Hydrastis rhixoma 
Golden seal root 
Hydrastis canadensis L. 
Ranunculaceae 
MD 

Fig. 21 Colombo radix 
Calumba root 

Jateorhiza palmata (LAM) MIERS 

Menispermaceae 

MD Japan (J. columba MIERS) 


03%-0.4% quinolizidine alkaloids 
Cytisine (40%) N-methylcytisine 
(45%) anagyrine 

► Flavonoids: isoquerci trine, 
Inteoiin-4'-0-glucoside 

0.3%-0.8% quinolizidine alkaloids 
N-methykytisine, anagyrine, isosparteine, 
lu pa nine 

► 0.5%-3% flavonoids: luteolin glycosides 
Isoflavones: genistein, genistin 

used for the isoflavone and the alkaloid («- 

0.35%-1.30% total alkaloids (>20) 
Benzophenanthridine type: chelidomnc 
(>0.07%), chelerythrine (>0.04%) and 
sanguinarine (>0.01%) 

Protoberberine type: coptisin (>1.07%), 
berberine (0.11%). Protopine 
2.4%-3.4% total alkaloids: chelidonin (1.2%), 
and chelerythrine (1%) 

03%-l% total alkaloids: >20 alkaloids 
Colchicine (65%), colchicoside (30%), 
demecolcine, lumialkaloids (artefacts) 


>13% total alkaloids 
Berber in e, protoberberine (6%), 
jateorrhizine (jatrorrhizine), palmatine 
<5% bisbenzyUsoquinolines e.g. 
oxyacanthine. Magniflorine 

2.5%-6% total alkaloids 
Berberine (2%-4.5%), 
tetrahydroberberine (03%-l%) 
(canadine), hydrastine (3.2%-4%; 
phthalide-isoquinoline alkaloid) 

2%-3% total alkaloids 

Palm a tine, j atror rhizi tie, bisj atror rhizine, 

columbamine (protoberberine type) 

► Fu ran odi terpen old bitter principles 
(palmarin, columbin) 
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Drug/plant source 
Family/pharmacopoeia 

Total alkaloids 

Major alkaloids (for formulae see 1.5) 


Mahoniae radids cortex 

Mahonia bark, grape root 

Mahonia aquifoliiim (PURSH) 

NUTT (syn. Berberis aquif,) 

Berber i dace ae 

L8%-2.2% total alkaloids 

Jatrorrhizine, berberine, palm atm e, 
columbamine (proioberberines); 
magnotlorine, corytuberine 
(aporphines); oxyacanthine, 
berbainine, (bisbenzyDisoquinoiiiies) 

Fig. 22 

Boldo folium 

Boldo leaves 

Peu inns bold us J.I.MOUNA 
Monimi.aceae 

DAC 86, Helv. VII, Ml) 

0.2%-0.5% total alkaloids 

Aporphine alkaloid boldine 

► 2% -3% essential oils: p-cymol, cincolc, 
ascaridole (40%-50%) 

► 1% flavonoids 

Fig. 23 

Nicotianae folium 

Tobacco leaves 

Nicotian a Cabacum L., 

N. rustica L and other varieties 
Solanaceae 

0,06%-1.0% total alkaloids 

L-Nicotine, nornicotine, anabasine, 
nicotyrine 

Pig. 24 

Aconiti tuber 

Aconite root 

Aconitum napellus L. 

Ranunculaceae 

MD 

0.3%-1.5% total alkaloids: 

15 ester alkaloids 

Aconitine, mesaconitine, hypaconitine 
(benzoylaconine and aeonine: hydrolytic 
cleavage products) 

Fig. 25 

Lobeliae herba 

Lobelia, Indian tobacco 

Lobelia irdkta L. 

Campamtlaceae (Lobeli aceae) 

OAR, BP 88, MD 

0.2%-0.6% total alkaloids 

Lobeline (piperidine ring system) 

Isolobinine (dehydro, piperidine ring) 
DL-lobelidine, lobelanine 

Fig. 26 

Sabadillae semen 

Caustic barley, Cevadilla seed 
Schoenocaulon officinale A. GRAY 

3%-6% steroid alkaloids 
(On o r-O h o m o-ch o ie s ta n es) 

Pig* 26 

Liliaceae 

MD 

“veratrine’’ = mixture of cevadine, 
veratridine, devadilline, sabadine, 
cevine) 


Ephedrae herba 

Desert tea (Ma-huang) 

Ephedra sin ica STAPF 

Ephedra shennungiana TANG 

E. distachya L, or other species 
Gnetaceae (Ephedraceae) 

DAB 10, MD, Japan, China 

2.5%-3% total alkaloids 
r-Ephedrine (0.75%-1%), norephedrine 
( 1-) -P seudoephedri ne an d 
norpseudoephedrine 

Fig. 26B 
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Fig. 27-28 

Drug/plant source 
Family/pharmacopoeia 

Tropine alkaloids 

Total alkaloids 

Major alkaloids (for formulae see 1.5) 

Fig. 27,28 

Bdladonnae folium 

Belladonna leaves 

Solanaceae 

DAB 10, Ph.Eur.1, 
f)AB, Helv. VII, 

BP 88, USP XXII 

0.2%-0.5% total alkaloids 
(-)-Hyoscyamine/atropine (—87%) 
scopolamine, apoatropine 
► Fiavonoids: quercetin glycosides 

Fig. 27,28 

Belladonnae radix 

Belladonna root 

Atropa belladonna L. 

Solanaceae 

DAC 86, ftAB, 

MD, Japan 

0.3%-0.8% total alkaloids 
{- }-Hyoscyamine and scopolamine 

Minor alkaloids apoatropine, 
belladonnine, cuskhygrine, 

► Coumarins: scopeletin, —7-O-glucoside 
(see Chap. 5, Fig. 5) 

Fig. 27,28 

Scopoliae radix 

Scopolia root 

Scopolia carniolica JACQ. 
Solanaceae 

japan (e.g. Scopolia japonica) 

0.4%-Q.95% total alkaloids 
(-)-Hyoscyamine and scopolamine 
► Coumarins: scopoletin, -7-O-glucoside 
(see Chap. 5, Fig. 5) 

Fig. 27,28 

Hyoscyami folium 

Henbane leaves 

Hyoscyarnus niger L. var. niger 
Solanaceae 

DAB 10, PhEur. I, OAB, 

Helv. VII, MD 

0.04%-0.17% total alkaloids 
(-)-Hyoscyamine/atropine (60%) 
scopolamine, belladonine, apoatropine 
► Flavonoid glycosides 

Fig. 27,28 

Iiyoscyami inutici folium 
Hyoscyarnus muticus L. 

Solanaceae 

MD 

0.8%-1.4% total alkaloids 
(—)-Hyoscyamine/atropine (90%) 
scopolamine, apoatropine, belladonnine 

Fig. 27,28 

Stramonii folium 

Th ornapple leaves 

Datura stramonium L. 

Solanaceae 

DAB 10, PhEur. 1, OAB, Helv. VII, 
MD 

0.1%-0.6% total alkaloids 
(-)-Hyoscyamine/atropine and 
scopolamine in ratio of approximately 

2:1; belladonnine 
► Flavonoid glycosides 
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Drug/plant source’ 
Farnily/pharmaco poeia 

Total alkaloids 

Major alkaloids (for formulae see 1.5) 


Purines 


Fig. 29-30 

Cacao semen 

Cacao beans 

Theobroma cacao L. 

Stercuiiaceae MD 

0.2% “0.5% caffeine 
l%-2% theobromine 

Fig. 29,30 

Coffeae semen 

Coffee beans 

Coffea arable a L, other species 
Rubiaceae 

MD, DAB 10 (caffeine) 

0.3%-2.5% caffeine 
theophylline (traces) 

Chlorogenic acid 

Fig. 29,30 

Mate folium 

Mate, Jesuit’s tea 

Ilex paraguariensis St.MIL. 
Aquifoliaceae 

DAC 86, MD 

Q.3%-1,7% caffeine 

0.03%-0.05% theophylline 

0.2%-Q,45% theobromine 

► 10% chlorogenic-,iso- and 
neochlorogenic add, isoquercitrin 

► Triterpene saponines: ursolic and 
oleanolic add derivatives 

Fig. 29,30 

Theae folium 

Tea 

Camellia sinensis (L) KUNTZE 
Theaceae 

MD 

2.5%-45% caffeine 

0.02%-0,05% theophylline 

0,05% theobromine 
► Polyphenols; tannins: catechin type 
(10%-20%), dimeric theaflavins, 
oligomeric pro cyan i dins; ilavonoid 
glycosides 

Fig. 29,30 


Note: Colae semen contains 0.6%-3% caffeine (Cola nidi t a, C. acuminata SCHOTT el 
ENDL, Sterculiaceae) 
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1*5 Formulae 



Ajmaline R 1 * R 2 * H Strychnine 

Ri = R 2 = OCH 3 Brucine 



0 o 


Reserpine 


Rescinnamine 
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Vincaleucoblastine R = CH 3 

Leurocristine R = 

0 




Pteropodine 


Mitraphylline 
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Protoveratrine A : R - H 
Protoveratrine B : R = OH 



Morphine R 1 - R 2 - H 
Codeine R t - H; R 2 - CH a 

Thebaine R t - R 2 - CH 3 Papaverine 

(double bond C 6/7 and C 8/11) 



Ephedrine Noscapine 
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Chelidonine ChelerythrJne 



OCH 
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R, 

R, 


r 2 o^^ 

1© 

N. 


H 

ch 3 

Jatrorrhizine 



OCH, 

ch 3 

H 

Columbamine 


u 

L. 

OCHj 

ch 3 ch 3 

-ch 2 - 

Palmatine 

Berberine 



(-)-Corydafine 


Hydrastine 



Pilocarpine 


Lobeline 





Ri R 2 

Caffeine CH 3 CH 3 

Theobromine H CH 3 
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Alkaloids I 


Solvent system 
Detection 

Fig. 1 


Alkaloids 11 


Solvent system 
Detection 

Fig. 2 


1,6 TLC Synopsis of Important Alkaloids 

Reference compounds detected with Dr agendo rff' reagent 


1 colchicine 

9 atropine 

16 nicotine 

2 boldine 

10 codeine 

17 veratrine 

3 morphine 

11 cinchonine 

18 emetine 

4 pilocarpine 

12 scopolamine 

19 papaverine 

5 quinine 

13 strychnine 

20 lobeline 

6 brucine 

14 yohimbine 

21 mesaconitine ►aconitine 

7 cephaeline 

15 physostigmine 

22 noscapine ( = narcoline) 


8 quinidine 

Fig. 1 toluene-ethyl acetate-diethylamine (70:20:10) 

A Dragendorff reagent (No, 13A) —> vis 

B Dragendorff reagent followed by sodium nitrite (No. 13B) vis 


With Dragendorff reagent alkaloids spontaneously give orange-brown, usually stable 
colours in the visible. With some alkaloids, e.g. boldine (2), morphine (3) and nicotine 
(16), the colour fades rapidly and can be intensified by additional spraying with sodium 
nitrite reagent. The zones then appear dark brown (e.g. morphine, 3) or violet-brown 
(e.g. atropine, 9). The colours of pilocarpine (4) and nicotine (16) are still unstable. 


Reference compounds that fluoresce in UV-365nm 


23 serpentine 

24 quinine 

25 cinchonine 

26 quinidine 


27 cinchonidine 

28 cephaeline 

29 emetine 

30 yohimbine 


Fig, 2 toluene-ethyl acetate-diethyiamine (70:20:10) 


31 noscapine 

32 hydrasttne 

33 berberine 

34 sanguinarine 


A Dragendorff reagent (.No. 13A) —» vis 
B Sulphuric acid reagent (10%~ No. 37A) —> UV-365nm 


The fluorescence of these alkaloids, predominantly light blue, can be intensified by 
treatment with 10% ethanoiic sulphuric acid. 

In die case of the quinine alkaloids, the initial light blue fluorescence of quinine and 
quinidine becomes a radiant blue (this appears white in the photo), while cinchonine 
and cinchonidine show a deep violet fluorescence (hardly visible in the photo). 
Berberine (33) and sanguinarine (34) are exceptions in showing a bright yellow 
fluorescence. 

Colchicine shows a yellow-green fluorescence {see Fig. 20, Alkaloid Drugs). 

Remarks; The commercial alkaloid reference compounds (e.g, hydrastine (32)) fre¬ 
quently show additional zones of minor alkaloids or degradation products. 
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1.7 Chromatograms 

Rauvolfiae radix, Yohimbe cortex. 
Quebracho cortex, Catharanthi folium 


Drug sample 


Reference 

compound 


Solvent system 


Detection 


1 Rauvolfiae serpentinae radix (Siam drug) 4 Yohimbe cortex 

2 Rauvolfiae vomitoriae radix 5 Quebracho cortex 

3 Rauvolfiae serpentinae radix (Indian drug) 6*7 Catharanthi folium 

(alkaloid extraction method A, 30pi) 

Ti serpentine T4 rescinnamine T7 vincaleucoblastine sulphate (VLB) 

12 ajmaline 15 rauwolscine T8 vitidoline 

T3 reserpine T6 yohimbine T9 papaverine (—>R, similar to T8) 

Fig. 3,4 A toluene-ethyl acetate-diethylamine (70:20:10) 

Fig. 4 B n-butanol-glacial acetic acid-water (40:10:10) 

A UV-365 nm B Dragendorff reagent (DRG No. 13) ->vis 


Fig. 3 Rauvolfiae radix 

A The drug extracts 1-3 are generally characterized in UV-365 nm by seven to ten intense 
blue fluorescent zones from the start till R r ~ 0.8: 


R f — 0.0 5 (Tl) Serpen tin e 


0.15-0.25 Two to three alkaloids, 

not identified 
0.30 (T2) Ajmaline 3 

0.40 (T5) Rauwolsci ne b 


0.45 (T3, T4) Reserpine/rescinnamine b 
0.6-0.8 Two to three alkaloids, 

e.g. raubasine 


“Ajmaline shows a prominent 
quenching in UV-254 nm and only 
develops a dark blue fluorescence 
when exposed to UV-365 nm for 
40 min. 

b Rescinnamine and rauwolscine 
show three to four zones due to 
artefacts formed in solution 
and on silica gel. 


Rauvolfiae serpentinae radix (1,3) show varying contents of the major alkaloids accord¬ 
ing to drug origin. The Indian drug mostly has a higher serpentine content than the Siam 
drug. Rauvolfiae vomitoriae radix (2) differs from (1) and (3) by a generally higher 
content of reserpine, rescinnamine and ajmaline and by the additional compound 
rauwolscine. 


B All Rauwolfia alkaloids give with Dragendorff reagent orange-brown zones (T27T1). 
Note : Ajmaline immediately turns red when sprayed with concentrated UNO,. 

Fig. 4A Yohimbe and Quebracho cortex (4,5) 

Both drug extracts are characterized in UV-365 nm by the blue fluorescent zone of 
yohimbine at R, - 0.45 (T6). A variety of additional alkaloids are seen as ten blue zones 
in the lower R r range (e.g. quebrachamine, aspidospermine in 5), whereas Yohimbe 
cortex (4) has two prominent alkaloid zones in the upper R f range (R, 0.7-0,75) and one 
near the solvent front. 


B Catharanthi folium (6,7) 

After treatment with the DRG reagent the extracts reveal five to seven alkaloid zones 
mainly in the R, range 0.05-0.75. Two prominent brown zones with vindoline at R f ~ 0,7 
(T8) dominate the upper R f range. Slight differences are noticed in the lower R, range 
between the fresh leaf sample (6) and the stored material (7). Vincaleucoblastine (T7) 
migrates to R, ~ 0.2. It is present at very low concentration in the plant (<0.002%) and 
therefore not detectable in these drug extracts without prior enrichment. 
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Fig. 7 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

lug. 5A 
B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Pig. 6 A 
B 

C 


Vincae minoris folium 

1 Vinca minor (fresh leafs), (alkaloid extraction method C, 40pi) 

Tl vincamine T3 v in cine T5 minovincine 

T2 vincaminine T4 vincamajine T6 reserpinitie 

Fig. 5 ethyl acetate-methanol (90:10) 

A UV~254nm (without chemical treatment) 

B Dragendorff reagent (DRG No. 13B) -4 vis 


The four principal alkaloids vincamine, vincaminine, vincine and vincamajine (T.1-T4) 
are detected as prominent quenching zones in the jR f range 0.25-0,4, 

The alkaloids of Vincae folium (1) show four weak brown zones in the R, range 0.15-0.45 
(T1-T4) and two major zones at R f ~ 0.8-0.85 (T5-T6). The colour obtained with the 
DRG reagent is unstable and fades easily in vis. 


Secale cornutum 

1 Secale cornutum (freshly prepared alkaloid fraction) 

2 Secale cornutum (stored alkaloid fraction) 

(alkaloid extraction method A, 30 pi) 

Tl ergocristine T4 egometrine + artefact** 

T2 ergotamine T5 ergotamine H- artefact** 

T3 ergometrine 16 ergocristine + artefact** 

Fig. 6 toluene-chloroform-ethanol (28.5:57:14.5) 

A UV-254nm (without chemical treatment) 

B„ C van URIC reagent (No. 43) vis 


The three characteristic Secale alkaloids ergometrine at R { •- 0.05, ergotamine at R f ~ 
0.25 and ergocristine at R f ~ 0.45 show prominent quenching in UV-254nm. 

After treatment with van URK reagent, the Secale extract (1) generates three blue zones 
of the principal alkaloids (T1-T3) in the R ( range 0.05-0.4. 

Secale alkaloids in solution and exposure to light undergo easy epimerization and also 
form lumi-compounds. Secale extracts such as sample 2 then show artefacts, such as 
isolysergic acid derivatives, lumi- and acb compounds seen as additional, usually weaker 
zones with higher R { values. 

The artefacts (>) are detectable in Secale extract sample 2 as well as in solutions of the 
reference compounds T4-T6. They also form blue zones with van URK reagent (vis). 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig.7A 

B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 8A 

B 


Strychni and Ignatii semen 

1 Strychni semen (alkaloid extraction method A, 30 pi) 

2 Ignatii semen (alkaloid extraction method A, 30 pi) 

T1 strychnine 
T2 brucine 

Fig. 7 toluene-ethyl acetate-diethylamine (70:20:10) 

A UV-254m (without chemical treatment) 

B Dragendorff reagen t (DRG No. 13) —> vis 


Strychni (1) and Ignatii (2) semen are characterized in UV-254nm by their strong 
quenching zones of the two major indole alkaloids strychnine (Tl) and brucine (T2). 

Both extracts (1,2) show a similar alkaloid pattern in the R f range 0.25-0.55 with the two 
major zones of strychnine and brucine and three additional minor orange-brown zones 
due to e.g. u-, 15-colubrine and pseudostrychnine. The colour of the strychnine zone 
fades easily when treated with the DRG reagent (vis). Strychnine and brucine occur 
normally in an equimolar amount. 

Note : Brucine forms a red zone (visible when dyed with HNO : , (25%), whereas strychnine 
does not react. 


Gelsemti radix 

1 Gelsemii radix, (alkaloid extraction method B, 40 pi) 

Tl sempervirine 
T2 gelsemine 
T3 isogelsemine 

Fig. 8 aetone-light petroleum-diethylaraine (20:70:10) 

A UV--365nm (without chemical treatment) 

B Dragendorff reagent (DRG No. 13/followed by 10% NaNCb/BB) -» vis 


In UV-365nm Gelsemii radix (1) shows a series of blue fluorescent zones in the R f range 
0.05-0.7 with the prominent blue white zone of sempervirine (Tl) directly above the 
start. Gelsemine (T2 j-> B: R ( ~ 0.35) does not fluoresce. 

Treatment with the DRG reagent reveals as brown zones: sempervirine (directly above 
the start), two minor alkaloid zones ( R ( - 0.15-0.2) and the major alkaloid gelsemine at 
R, ~ 0.35 (T2; vis.). 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 9 A 

n 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. I0A 

B 

C 


Harmalae semen 

1 Harmalae semen, (methanol extract, 30pi) 

Tl harmalol T3 harmane T5 harmol 

T2 harmaline T4 harmine 

Fig. 9A chloroform-methanol-10% NH^ (80:40:1.5) 

B chloroform-acetone-diethylamine (50:40:10) 

A, B UV-365nm (without chemical treatment) 


Harmalae semen. The carbolin derivatives harmalol (Tl), harmaline (T2) and harmine 
(T4) are found as bright blue fluorescent zones in solvent A in the JR ( - range 0.1-0.75. The 
Harmalae semen sample 1 shows as major alkaloids harmalol and harmaline in the low 
R f range 0.05-0.25 and harmine in the upper R r range 0.75. 

Development in solvent system B reveals the zone of harmalol at R f ~ 0.05, harmaline at 
R, — 0.4, harmine atR f ^ 0.45 (T2) besides a low amount of harmane at J2 f ~ 0.55 (T3). 


Justiciae-adhatodae folium, Uncariae radix 

] Adhatodae folium, (alkaloid extraction method B, 30 pi) 

2 Uncariae tomentosae cortex, (alkaloid extraction method B, 40pi) 

Tl alkaloid fraction/vasicin enrichment/Adhatodae folium 
T2 rychnophylline (i? f — 0,35) + isorhychnophylline (R f — 0.75) 

Fig. 10A,B dioxane-ammonia (90:10) —> Adhatoda 

C,D ethyl acetate-isopropanol-conc.NHj (100:2:1) —> Uncaria 

A UV-254nm 

B Dragendoiff reagent (DRG No. 13) -» vis. 

C UV-254nm 

D DRG/10% NaNO, reagent (DRG No 13B) -» vis 


Justiciae-adhatodae-folium (1). The extract (1) and the alkaloid fraction (Tl) show the 
quenchi ng zone of the major alkaloid vasicine at R f ~ 0.55; vasicinone at — 0,6 and 
some other alkaloids (e.g. vasicinol) in the lower R { range 0.2-0.25. Vasicinone is an 
artefact due to oxydative processes during extraction. 

From the alkaloids only vasicine reacts with Dr age ndo iff reagent as an orange-brown 
zone in vis. 

Uncariae radix (2). This alkaloid extract is characterized by two pairs of quenching 
zones in the R r ranges 0,7-0.8 and 0.25-0.3. The pentacyclic oxindoles, such as isomitra- 
phylline, isopteropodine and uncarine A + F, as well as tetracyclic oxindols such as 
isorhychnophylline are found in the R f range 0,7-0.8, The pentacylic mitraphylline and 
the tetracyclic rhychnophylline give prominent zones in the R, range 0,25-0.3. The 
alkaloid distribution is subject to change. The alkaloid pattern of an individual plant 
changes over the year. 

All alkaloid zones turn orange-brown with Dragendorff/NaNCf reagent (vis.). 
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Fig. 9 


Fig. 10 
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Ipecacuanhae radix 


Drug sample 


Reference 
Solvent system 
Detection 


1 Cephaelts acuminata “Cartagena/Panama drug” 

2 Cephaelis ipecacuanha “Rio/Matto-Grosso drug” 

(alkaloid extraction method A, 30jil) 

Tl cephaeline (R { ~ 0.2) ► emetine (R,- ~ 0.4) 

Fig. 11 toluene-ethyl acetate-diethyiamine (70:20:10) 

A, B lodine/CHCl, reagent (No. 19) A -4 UV-365mn; B -4 vis 
G Dragendorff reagent (DRG No. 13 A) vis 


Fig. II Ipecacuanhae radix (1,2) 

A3 Cephaeline (JR r ~ 0.2) and emetine (JR f - 0.4) are the major alkaloids, which fluoresce 
light blue in UV-365 nm without chemical treatment. With iodine reagent cephaeline 
fluoresces bright blue and emetine yellow-white in UV-365 nm and they turn red and 
weak yellow, respectively, in vis. (-4 B). Minor alkaloids, e.g. G-methylpsychotrine, are 
found in R ( range of emetine, or psyehotrine in the R t range of cephaeline. 

The yellow fluorescence develops after approximately 30min. 

C With DRG reagent the major alkaloids are seen as orange-brown zones (vis). 


Drug sample 

Reference 

compound 

Solvent system 
Detection 


Chinae cortex 

1 Cinchona calisaya (alkaloid extraction method A, 20pi) 

2 Cinchona succirubra (alkaloid extraction method A, 20 pi) 

TC China alkaloid mixture (T1-T4 see section 1.2) 

Tl quinine T3 quinidine 

T2 cinchonidine T4 cinchonine 

Fig. 12 chloroform-diethylamine (90:10) 

A 10% eth. H,S0 4 UV-365 nm 

B 10% H 2 S0 4 followed by iodoplatinate reagent (No. 21) -4 vis 


Fig, 12 A In the R { range 0.05-0,25 both Cinchona (Chinae Cortex) extracts show six light blue 
fl uorescent alkaloid zones in UV-365 nm. They can be differentiated on the basis of their 
quinine (Tl) content. In C, calisaya cortex (1) quinine counts as a major alkaloid. C. 
succirubrae cortex (2) contains the main cinchona alkaloids in approximately the same 
proportions as test mixture TC. Quinine (Tl) and quinidine (T3) fluoresce bright blue 
after spraying with 10% ethanolic H 2 S0 4 , while cinchonidine ("12) and cinchonine (14) 
turn dark viole t and are hardly visible in UV-365 nm, In the extracts (1) and (2) the zone 
of cinchonidine (T2) is overlapped by the strong blue fluorescence of quinidine (Tl). 

B Treatment with iodoplatinate reagent results in eight mostly red-violet zones in the R f 
range 0.05-0.65 (vis). The violet-brown zone of quinine is followed by the grey-violet 
zone of cinchonidine, a weak red-violet zone of quinidine and the more prominent 
brown-red cinchonine (TC). Three additional red-violet zones are found in the range 
0,4-0,6. 

Remark: The slight variation in Rf values of the cinchona alkaloids (-4 A:R) are due to the 
great sensitivity of the chloroform-diethylamine solvent system to temperature. 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 


Figs. 13 A. 

B 

Fig. 14C 

D 


34...._... 

Opium 

I Opium extract (5% total alkaloids, 5 pi) 

T1 morphine T3 papaverine 

T2 codeine T4 noscapine 

Figs. 13, 14 toluene-ethyl acetate-diethylamine (70:20:10) 

A UV-254nm (without chemical treatment) 

B Dragendorff reagent (DRG No. 13A followed by NaNO,; No. 13B) vis 
C Natural products, polyethylene glycol reagent (NP/PEG No. 28) -» UV-365nm 
I) Marquis reagent (No. 26) vis 


Opium extract (1) shows six to eight fluorescence-quenching zones between the start 
and ft, - 0.83 in UV-254nm. The alkaloids of the morphinane/phenanfhrene type are 
found tn the lower ft, range with morphine (Tl) at JR f ~ 0.1 and codeine (T2) at R, — 0.2. 

The benzyl isoquinoline alkaloids papaverine (13) and noscapine (14) are seen as major 
quenching zones at ft, ~ 0.65 and JR f ~ 0.85, respectively. 

Thebaine and minor alkaloids migrate into the R { range 0.3-0.5. 

With Dragendorff-NaN0 2 reagent all major opium alkaloids turn orange-brown (vis), 
Narceine remains at the start. 

Treatment with the NP/PEG reagent reveals a sequence of blue fluorescent zones at the 
beginning of the ft, range up to ft, - 0.9 (UV-365nm). 

Except codeine (T2), which does not fluoresce, the main alkaloids morphine (Tl )> papav¬ 
erine (T3) and noscapine (T4) give a blue fluorescence in U V-365nm. 

With Marquis reagent the alkaloids morphine and codeine are immediately stained 
typically violet. 

A nonspecific reaction is given by papaverine, with a weak violet, and by noscapine, with 
a weak yellow-brown, colour. 
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Fig. 13 


Fig. 14 
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Corydalidis rhizoma, Fumariae herba 


Drug sample 


Reference 

Compound 

Solvent system 


Detection 


1 Corydalidis rhizoma (alkaloid extraction method A, 30pi) 

2 Fumariae herba (methanolic extract 1 g/10mU 10j.il) 

3 Fumariae herba (alkaloid extraction method C, 30 pi) 


!1 corytuberine T2 corydaline . 

T3 rutin (R f ~ 0.35) ► chlorogenic add (R r ~ 0.4) ► hyperoside (R, ~~ 0.55) - Plavonoid 
test mixture 


Fig. 15A-C ethyl acetate -methylethyl ketone—formic acid—water (50:30:10:10) system 1 
Fig. 16D,E ethyl acetate-methylethyl ketone-formic acid-water (50:30:10:10) system 1 
F ethyl acetate-glacial acetic add-formic acid-water (100:11:11:26) system 2 


Fig. 15A UV-254nm 

B Dragendorff reagent 
(No. 13 B) vis. 

C UV-365nm (without 
chemical treatment) 


Fig. 16D UV-365nm 

E Dragendorff reagent (No. 13 B) 
—> vis. 

F Natural products reagent 
(NP/PEG No. 28) - UV-365 tun 


Fig. ISA Corydalidis rluzoma (1) 

The extract shows seven to eight quenching zones distributed up to R f 0.75. The promi¬ 
nent zones at R f - 0.35 can be identified as corytuberine (Tl) and at R f ~ 0.7 as 
corydaline (T2). 

r Most of the major quenching zones react as brown zones with DRG reagent (vis). 
Corydaline is seen as main zone at R f 0.7, while bulbocapnine and corytuberine (Tl) 
are found at R ( ~ 0.45 and 0.35 respectively. 

C Direct viewing of extract 1 in UV-365nm shows a series of predominantly blue (e.g. 
corydaline at R f - 0.7) or yellow-white fluorescent zones (e.g. berberine-type alkaloids) 
in the R r range 0.05-0.7. 

Fig. 16D Fumariae herba (2,3) , „ , . . .. , 

A methanolic extraction of the drug (2) and an alkaloid enrichment (3) show 
in UV-365nm 4-6 blue fluorescent zones in the R { range 0.25-0.55 with an additional 
yellow-white zone at R f - 0.55 (phenol carboxylic acids, sanguinarine, protobcrberinas) 
in sample 2. 

F With DRG reagent two main and one minor brown alkaloid zone (vis) are detectable in 
sample 3. Protropin is found at R r - 0.6 and allocryptopine in the lower R f - range. In 
the methanolic extract (2) these alkaloids are present in low concentration only. 

F Separation of extract (2) in solvent system 2 and spraying with NP/PEG reagent reveals 
a series of blue fluorescent zones from the start till the solvent front, mostly due to 
phenol carboxylic acids (e.g. chlorogenic acid at R f ~ 0.45) and a yellow fluorescent 
flavonoid glycosides, e.g. isoquercitrin at R f ™ 0.6, as well as minor compounds in the 
lower JR f range (e.g. rutin, quercetin-3,7~diglucosido-3-arabinoside) and the aglycones at 
the solvent front. 
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Fig. 15 


Fig. 16 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Ftg. 17A 

B 


Drug sample 

Reference 

Compound 

Solvent system 
Detection 

Fig. 18A 

B 


Spartii flos, Sarothamni (Cytisi) herba 

1 Spartiiflos (MeOHextract lg/10ml } lOpl) 

la Spartii flos (alkaloid extraction method A, 50pi) 

2 Sarothamni herba (MeOH extract lg/lOml, 10 pi) 

2a Sarothamni herba {alkaloid extraction method A, 30pi) 

T1 rutin (R f — 0.45) ► chlorogenic add (i? f ~ 0.5) ► hyperoside (R ( ~ 0,6) ► isochloro- 
gertic acid = Flavonoid test mixture 
T2 sparteine sulphate 

Fig. 17 A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) flavonoids 

B chloroform-methanol-glacial acetic acid (47.5:47.5:5) —> alkaloids 

A Natural products-polyethylene glycol reagent (NP/PG No, 28) -* UV-365nm 
► flavonoids 

B lodoplatinate reagent (IP No. 21) —> vis ► alkaloids 


NST/PEG reagent UV-365nm ► Flavonoids 

The methanoiic extract of Spartii flos (1) is characterized by a major orange zone at R f 
0.65 (isoquercitrin, luteolin-4'-0-glucoside), while that of Sarothamni scopariae herba 
(2) shows two yellow-green fluorescent zones of spiraeoside and scoparoside at I( i 0.6- 
0.7 as well as the aglycone close to the solvent front. 

lodoplatinate reagent vis, ► Alkaloids 

Dark blue alkaloid zones are developed with IP reagent. Sparteine (jR f 0.25/T2) is a major 
alkaloid in Sarothamni scop, herba (2a), Besides sparteine sample 2a shows an additional 
dark blue zone at R f 0.15. Cytisine and N-methylcytisine are present in Spartii flos (la). 


Genistae herba 

3 Genistae herba (MeOH extract lg/IOml/lOpl) 

3a Genistae herba (alkaloid extraction method A, 30}xl) 

T1 rutin ► chlorogenic acid ► hyperoside ► iso chlorogenic acid 
T2 sparteine sulfate 

Fig. 18 A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) -> flavonoids 
B chloroform-inethanol-glacial acetic acid (47.5:47,5:5) —> alkaloids 

A Natural products-polyethylene glycol reagent (NP/PEG No. 28) UV-365nm 
► flavonoids 

B Dragendorff reagent (DRG No, 13) followed by NaNOj (No 13 B) -» vis ► alkaloids 


NST/PG reagent* UV-365nm ► Flavonoids 

Genistae herba (3) is characterized by a high amount of luteolin glycosides, seen as 
bright yellow fluorescent zones in the R ( range 0,55-0.8, the aglycone at the front and 
blue fluorescent isoflavones (e.g. genistin) and phenol carboxylic adds (e.g. chlorogenic 
acid) at /? f 0.5. 

DRG/NaNO,, vis ► Alkaloids 

Two brown alkaloid zones in the R { range 0.1-0.2 of (3a) are due to sparteine 
type alkaloidvS such as N-methylcytisine, anagyrine and cytisine. 
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Fig. 17 
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Chelidonii herba 

Drug sample 1-3 Chelidonii herba different trade samples (alkaloid extraction method A, 40 pi) 

Reference T1 sanguinarine 
compound T2 papaverine 
T3 methyl red 

Solvent system Fig. 19 1 -propanol-water-formic acid (90:9:1) 

Detection A UV-365nm (without chemical treatment) 

B Dragendorff reagent [DRG reagent No. 13A] -» vis 


Pig. 19 A Chelidonii herba (1-3). The extracts of the samples 1-3 are characterized in UV-365nm 
by bright yellow fluorescent zones: the major alkaloid coptisin at Rf ~ 0.15, followed by 
minor alkaloids berberine and chelerythrine directly above and sanguinarine (Tl) as a 
broad yellow band in the R ( range 03-0.4, In the R f range 0.75-0.85 weak yellow-green 
(e.g. chelidonine) and blue-violet zones are found. 

B The fluorescent alkaloid zones in the R f range 0.15-0.85 respond to DRG reagent with 
brown* rapidly fading colours (vis.). Papaverine (T2) can serve as reference compound 
for sanguinarine (R r - 0.4)* and methyl red (T3) for the alkaloidal zones at R, - 0.8. 


Colchici semen 

Drug sample I Colchici semen (alkaloid extraction method A, 30 (tl) 

2 Colchici semen (MeOH extract 3g/10ml, 10 pi) 

Reference Tl colchicine 
compound T2 colchicoside 

Solvent system A ethyl acetate—glacial acetic acid formic acid-water (100:11:11:26) 

B ethyl acetate-methanol-water (100:13,5:10) 

Detection A UV-254nm (without chemical treatment) 

B UV-365nm (without chemical treatment) 

C Dragendorff reagent/NaNO, (DRG No. 13 B) —> vis. 

Fig. 20A Colchici semen (1,2). Both extracts are characterized by colchicine, which is seen as a 
prominent quenching zone at R f — 0.6 (Tl), while colchicoside ( R f ~ 0.15/T2) is found in 
the methanolic extract (2) only. 

B In the alkaloid fraction (1) a series of seven to nine prominent blue and yellow-white 

fluorescent zones from the start till R { ~ 0.35, six weaker blue zones at R, 0.4-035 and 

two zones at the solvent front are detected in UV-365 nm. Besides colchicine at R f ~ 0.25 
(Tl) minor alkaloids such as colchiceine, N-acetyl demecolcine and l-ethyl-2-demethyl 
cokhiceine also show a yellow-white fluorescence, while O-benzoyl colchiceine, AT- 
formyl-deacetyl cokhiceine and N~m ethyl demecolcine fluoresce blue. 

C Colchicine and minor alkaloids react as brown zones with DRG reagent (vis). Artefacts 
of colchicine (R t ~ 0.6) appear as a blue zone at R, ~ 0.5 (vis) 
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Berberidis cortex, Colombo radix, Hydrastis rhizoma, 
Mahoniae radix/cortex 


Drug sample 

Reference 

compound 

Solvent system 

Detection 


1 Berberidis radix 3 Colombo radix 

2 Hydrastis rhizoma 4 Mahoniae radix/cortex 

(alkaloid extraction method A, 30 pi) 

T1 berberine T4 jatrorrhizine 

T2 palmatme/jatrorrhizine T5 columbamine 

T3 hydrastine T6 oxyacanthine 

Fig, 21 n-propanol-formic acid-water (90:1:9) 

Fig. 22 n-butanol-ethyl acetate-formic acid-water (30:50:10:10) 

A vis (without chemical treatment) 

B Dragendorff reagent [DRG No, 13A] h> vis 
C UV-365nm (without chemical treatment) 

D UV-365 nm (without chemical treatment) 


T7 berbamine 
T8 palmatine 


Fig. 21A Berberidis radixs (1) shows the characteristic yellow zone of berberine <15f 0.2/T1) on 

untreated chromatogram (vis.). 

B Berberine and the minor alkaloids, such as jatrorrhizine and palmatine, react with a 
brown-red colour with DRG reagent (vis.). 

C Extracts of Berberidis radix (1) and Hydrastis rhizoma (2) both show the major alkaloid 
berberine as a prominent lemon-yellow fluorescent zone at fl r ~ 0,25. 

Hydrastis rhizoma (2) can be differentiated from Berberidis radix (1) by the additional 
zone of hydrastine, which forms a blue-white fluorescent zone at i? r ~ 0.03 and an 
additional light blue fluorescent zone at JR r — 0.9 (T3). 

Colombo radix (3). The yellow-white alkaloid zone detected in at R f ~ 0.15 represents 
the unseparated alkaloid mixture of jatrorrhizine, palmatin (T2) and columbamine. 

Fig. 22D Mahoniae radix/cortex (4) is characterized in the i?j range 0.45-0.5 by the four yellow- 
green fluorescent protoberberine alkaloids berberine (Tl) and jatrorrhizine (14) as well 
as columbamine (T5) and palmatine (T8). Magnoflorine is seen as a dark zone at R f - 0.2 
directly above the blue fluorescent bisbenzyUsoquinoline alkaloids oxyacanthine (16) 
and berbamine (T7) in the R t - range 0,05-0.1. 
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Fig. 21 


Fig. 22 
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Drug samples 

Reference 

compound 

Solvent system 

Detection 

Fig. 23A 

B 

C 

D 


Drug samples 

Reference 

compound 

Solvent system 
Detection 

Fig. 24A 
B 

€ 


Soldo folium 

1 alkaloid extract (method A, 30pi) 3 methanol extract (ig/10ml, 10pi) 

2 essential oil (TAS method, 100 mg) 

Tl boldine 

T2 rutin (R, 0.4) ► chlorogenic acid (R r 0,5) ► hyperoside (R r 0.65) favonoid test 

Fig. 23 A,B toluene-ethyl acetate-diethylamine (70:20:10) 

C toluene-ethyl acetate (93:7) 

D ethyl acetate-formic add-glacial acetic acid-water (100:11:11:26) 

A UV-365nm (without chemical treatment) 

B Dragendorff reagent (DRG No. 13B) —> vis 
C VaniIlin-H 2 S0 4 reagent (VS No. 42) -> vis 

D Natural products-polyethylene glycol reagent (NP/PEG No. 28) -4 UV-365nm 


Boldo folium. The alkaloid extract (1) is characterized in UV-365nm by the two violet 
fluorescent zones in the R ( range of the boldine test Tl, as well as various red-orange 
fluorescent chlorophyll zones in the upper R { range. 

With DUG reagent two dark brown zones in the R r range of the boldine test Tl, two 
minor alkaloid zones above the start and greenish-brown zones in the upper JR, range 
due to chlorophyll are detectable. 

The volatile oil compounds (2) yield ten grey or blue zones between the start and A, 0.85 
with 1,4-cineole (A, ^ 0.4) and ascaridole (R, — 0.8) as major terpenoides. 

The methanolic extract (3) is characterized by its high amount and variety of fhwo'nol 
glycosides. Five almost equally concentrated yellow-green fluorescent zones appear in 
the R f range 0.4-0.65 (rutin ► hyperoside/T2) accompanied by two prominent zones at R { 
0.75-0.8 and three minor zones in the lower A f range. 


Nicotianae folium 

1 alkaloid extract (method A, 40pi) 2 commercial cigarette (method A, 40pi) 
la methanol extract (1 g/10ml, 10pi) 2a methanol extract of (2) (1 g/tOml, 10pi) 

Tl nicotine 

T2 rutin (JR, 0.4) ► chlorogenic acid (R f 0.5) ► hyperoside (A, 0.6) favonoid test 

Fig. 24 A,B toluene-ethyl acetate-diethyl amine (70:20:10) 

C ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

A UV-254nm (without chemical treatment) 

B Dragendorff reagent (DRG No. 13B) -> vis. 

C Natural products-polyethylene glycol reagent (NP/PEG No, 28) -4 UV-365nm 


Nicotianae folium (1,2). The major alkaloid nicotine (Tl JR t ~ 0.75) shows quenching in 
UV-254 nm. 

The alkaloid extracts of sample (1) and (2) both contain nicotine and two additional 
alkaloids at R { 0.35-0.4 (e.g. nornicotine, anabasine) which turn orange-brown with 
DRG reagent (vis,). 

The methanolic extracts (la) and (2a) show, in addition to the alkaloids, the flavonol 
glycoside rutin and the chlorogenic acid (T2), more highly concentrated in la. 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig, 25 

A 

B 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 26A 

II, C 


Aconiti tuber 

1 trade sample (1992) 3 trade sample (1984) 

2 A, napellus L. ssp. napellus 4 A. paniculatum ssp, paniculatum 

(alkaloid extraction method A, 30-40 pi) 

TI aeonitine/mesaconitine T3 deoxyaconitine T5 benzoylaconine 

T2 aconitine T4 hypaconitine T6 aconine 

Fig. 25 A toluene-ethyl acetate-diethylamine (70:20:10) 

B cycloh exan e - e than ol-diethyamine (80:1.0:1.0) 

Dragendorff reagent (DRG No. 13A) —> vis DRG/NaN0 2 reagent (No. 13B) vis 


The European Aconitum napellus group comprises three species: A, napellus, A. 
pentheri and A. angustifolium. The TLC pattern of their alkaloid distribution varies: a 
dominating aconitine amount, aconitine and mesaconitine as prominent zones or 
mainly mesaconitine and/or hypaconitine. 

Extract (1) contains aconitine and mesaconitine (Tl) which appear in system A at R r 0.6- 
0.75 as brown, fast-fading zones after treatment with DRG reagent (vis). 

The alkaloids deoxyaconitine (T3) and hypaconitine (T4) and the cleavage products 
benzoylaconine (T5) and aconine (T6) are separated in system B and show last-fading 
zones with DRG-NaNO, reagent (vis). In samples (1,2) the aconitine/mesaconitine zones 
at R, 035-0.4 (Tl) and in sample (3) various, additional brown zones in the R { range of 
benzoylaconine (T5) and aconine (T6) are found. A. paniculatum extract (4) has an 
obviously different TLC pattern with a main zone in the R, range of hypaconitine (T4) 
and at R, ~ 0.55. 


Aconiti tuber, Sabadillae semen, Lobeliae herba, Ephedrae herba 


1 Aconiti tub era (trade sample) 

2 Sabadillae semen 

(alkaloid extraction method A, 30 pi) 

T1 a co ni tin el mesaco n i tin e 
T2 veratrine (alkaloid-mixture) 


3 Lobeliae herba 

4 Ephedrae herba 


T3 lobeline 
14 ephedrine 


Fig. 26 A toluene-ethyl acetate-diethylamine (70:20:10) 

B ethyl acetate-cyclohexane-methanol-ammonia (70:15:10:5) 
€ toluene-chloroform-ethanol (28.5:57:14.5) 


A I odo plat mate reagent (IP No, 21).A vis 

B Ninhydrine reagent (N1H No. 29) —> vis 
C Dragendorff reagent (DRG No. 13A) —» vis 


Aconiti tuber (l), Sabadillae semen (2), Lobeliae herba (3). Their major alkaloids are 
found in the R r range 0.6-0.65 as white zones against a grey-blue background. 
Aconiti tuber (1): aconitine/mesaconitine (Tl) and six minor zones (fo range 0.25-0.7) 
Sabadillae semen (2): veratrine (T2) and eight minor zones (R, 0.5-0.55/0.8), 

Lobeliae herba (3): one prominent zone of lobeline (R, 0.65/ref T3). 

Ephedrae herba (4): ephedrine is detected as a violet-red band (R, 0.4-0.5) with 
ninhydrine, or with DRG reagent as a brown zone at R, ~ 0.2 in solvent system C. 
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Fig. 26 
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Solanaceae drugs 


Alkaloid extract 
Methanol extract 


1 Bdladonnae folium 2 Hyoscyami folium 


3 Strainonii folium 


4 Scopoiiae radix 

5 Bdladonnae radix 
(alkaloid extraction method 


6 Bdladonnae folium 8 Hyoscyami nigri folium 

7 Stramonii folium 9 Hyoscyami mutici folium 

C; (l)-(3) 30 pi, flavonoids (Ig/lOml MeOH): (4)-(9) 20f.il) 


Reference 

compound 


Solvent system 


Detection 


T1-T3 alkaloid test: hyoscyamine ► scopolamine mixture (defined ratio see sect, 1.2) 
T4 rutin (R, 0.35) ► chlorogenic acid (R f 0,45) ► hyper aside ( R ( 0.6) 

T5 scopoietin T6 caffeic acid 

Fig. 27 toluene™ethyl acetate-diethylamme (70:20:10) 

Fig. 28 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

A Dragendorff reagent (DRG No. 13A) -> vis 

B DRG reagent followed by sodium nitrite (No. 13B) —> vis 

C Natural products-polyethylene glycol reagent (NP/PG No. 28) —► UV 365 nm 


Fig. 27A.B Alkaloids in Belladonnae, Hyoscyami and Stramonii folium (1-3). The tropane alka¬ 
loids (-)-hyoscy amine (during extraction procedures partly changed into (±) atropine) 
and scopolamine as major compounds of the alkaloidal fraction of Solanaceae drugs 
respond to Dragendorff reagent with orange, unstable colour. Treatment with NaNO z 
increases the colour stability of the hyoscyamine zones. 

A TLC differentiation of the three drugs is based on the hyoscyamine to scopolamine 
ratio and, to a limited extent, on the contents of the minor alkaloids belladonnine, 
atropamine and cusJkhygrine. 

For drug identification and determination of the alkaloid content, DAB 10 describes a 
TLC comparison with alkaloid mixtures containing defined ratios of atropine-SO., to 
scopolamine-HBr (T1-T3). Identification of the drug is then based on the similarity of 
colour intensity and zone size between the standard solutions and drug extracts. 
Belladonnae folium (1): the ratio of hyoscyamine (R, 0.25) to scopolamine (R, ~ 0.4) 
corresponds to that of T1 at about 3:1. Both alkaloids are also present in the roots and 
seeds. 

Hyoscyami folium (2): the ratio of the two main alkaloids is about 1.2:1. The total 
alkaloid content is less than the standard solution T2. 

Stramonii folium (3): a higher scopolamine content than in (1) and (2). The typical 
hyoscyamine to scopolamine ratio for this drug is about 2:1. 

Fig. 28 Caffeic acid derivatives, coumarins, flavonoids. The Solanaceae drugs are easily differ¬ 
entiated by their individual Havonoid and coumarin pattern. 

Scopoiiae- (4) and Belladonnae radix (5), which have a similar hyoscyamine to 
scopolamin content, are characterized by different patterns of blue fluorescent caffeic 
acid and coumarin derivatives (see Chap. 5 for further information). In Belladonnae (6) 
and Hyoscyami nigri folium (8), the main zones are rutin (R, — 0.4; orange fluorescence) 
and chlorogenic add (R f ~ 0.45; blue fluorescence). In Hyoscyami nigri folium, these are 
the only two detectable zones, whereas Belladonnae folium shows additional blue, 
yellow-green and orange fluorescent zones in the ,R f range 0.05-0.1 (7-glucosyl-3- 
rhamnogalactosides of kaempferol and quercetin). 

Stramonii folium (7) is characterized by five orange fluorescent quercetin glycosides in 
the R ( range 0.03-0,25, The absence of rutin and chlorogenic add clearly distinguishes 
the drug from Belladonnae and Hyoscyami folium. Hyoscyami mutici folium (9) has 
only a very low ftavonoid content. 
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Fig. 28 
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Drug sample 


Reference 

compound 


Solvent system 


Detection 


Fig. 29A 


R 


Fig. 30C 


Purine drugs 

1 Coffeae semen 3 Tbeae folium (black lea) 

2 Mate folium 4 Cacao semen 

(me than olio extraction, 1 g/10 ml, 30 |xl) 

T1 rutin (R { — 0.35) ► chlorogenic acid (i? f — 0.45) ► hyperoside (R { 0.6) 

T2 caffeine 
T3 theobromine 

T4 aescin (Jt f — 0.25) ■+■ aescinols (R t ~ 0.45) = saponin test 

Fig. 29 A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) —» system A 
B ethyl acetate-methanol - water (100:13.5:10) system B 
Fig. 30 C ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) -» system A 
D chloroform-glacial acetic acid-methanol-water (60:32:1.2:8) —> system D 

A UV-254tim (without chemical treatment) 

B Iodine-potassium iodide-HCl reagent (I/HC1 No. 20) —> vis 
C Natural products-polyethyiene glycol reagent (NPfPG No. 28) -4 UV-365nm 
D Anisaldehyde-sulphuric add reagent (AS No. 3) vis 


The Purine drugs 1-4 can be identified by their characteristic contents of caffeine, 
theobromine, theophylline, various caffeoyiquinic acids, flavonoid glycosides and 
saponines, 

Puridnerivatives. (System A). Extracts of Coffeae semen (1), Mate folium (2) and Theae 
folium (3) show one to four prominent fluorescence-quenching zones in the R, range 
0.4-0.6 with caffeine as the main zone at R { ~ 0.60. Caffeine migrates in this solvent 
system directly above the hyperoside (Tl/R f 0.6). -4 For detection of caffeoyl quinic 
acids and flavonoids see reagent C. 

(System B) Treatment with I/HG1 reagent generates a dark-brown zone of caffeine at R, 
~ 0.45 (T2) in. extracts (1) and (3), less concentrated in (2) and (4). Theobromine at R t ~ 
0.4 (T3) is detected as a grey, fast-fading zone in Mate folium (2). The concentration of 
theobromine in Cacao semen (4) is low, the amount of theophylline (R ( ~ 0.6) in the 
extracts 1-4 is not sufficient for detection. 

Phenol carboxylic acids, flavonoids and sap unities, (System A) Treatment with N P/PEG 
reagent reveals caffeoyl (CQA) and dicaffeoyl quinic adds as blue and. the flavonoid 
glycosides as orange-yellow or green fluorescent zones in UV-365nm, Coffeae semen (1) 
and Mate folium (2): the blue 5-CQA, 3-CQA (R r 0.45-0.5) and additional dicaffeoyl 
quinic acids in the upper R r range are characteristic. One additional orange-yellow zone 
of rutin at R f ~ 0.4 (Tl) is found in Mate folium (2) only. 

Theae folium (3): four mainly yellow fluorescent flavonoid glycosides in the R f range of 
hyperoside and rutin (Tl) and two flavonoid glycoside zones at R, 0.25-0.3 with yellow 
and green fluorescence, respectively. 

(System D) Saponines (aescin T4) respond as blue-violet zones to AS reagent (vis). In 
Mate folium (2) the main triterpene saponins are seen as six blue-violet zones in the R f 
range 0.4-0.8. In Theae folium (3) broad bands of yellow-brown zones from the start till 
R t — 0.4 ("thea flavines”) dominate in the lower R ( range. 

Note : Caffeine migrates in solvent system A up to the solvent front. 
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T1 1 2 3 T4 1 2 3 


Fig. 29 


Fig. 30 

















2 Drugs Containing Anthracene Derivatives 


The characteristic constituents of this drug group are anthraquinones, oxanthrones, 
anthranols and an thrones with laxative properties. The anthraquinones possess phe¬ 
nolic groups on C-l and C-8 and keto groups on C-9 and C-10. In the anthrones and 
anthranols, only C-9 carries an oxygen function. In addition, a methyl, oxymethyl or 
carboxyl group may be present on C-3, and a hydroxy or methoxy group on C-6. Most 
compounds in this group are present in the plant as 0-glycoside.s. The glycoside linkage 
is usually at C-l, C-8 or C-6-OH. C-Glycosides occur as anthrones only, with the C-C 
bond always at C-10. In the 0- and C-glycosides, the only sugars found so far are glucose, 
rhamnose and apiose. 


2.1 Preparation of Extracts 


Powdered drug (0,5 g) is extracted for 5 min on a water bath with 5ml methanol. 

The filtrate is used for TLC: 5 pi (Aloe) and 20pJ. (Rheum, Frangula, Cascara), 

Sennae folium or fructus are extracted with 50% methanol; 20 pi is used for TLC. 

Powdered drug (0.5 g) and 25 ml 7.5% hydrochloric add are heated under reflux for 
15min. After cooling, the mixture is extracted by shaking with 20ml ether. The ether 
phase is concentrated to about 1 ml, and 10pi is used for TLC (e,g« Rhei radix). 


2.2 Thin-Layer Chromatography 


Aloin, frangulin A/B, glucofrangulin A/B, rhein, aloe-emodin and rhaponticoside (stil- 
bene glucoside) are applied as 0.1 % methanol ic solutions. 

Sennosides A and B are prepared as a 0.1% solution In me til an ol-water (1:1). 

A total of 10 pi of each reference solution is used for TLC. 

Chromatography is performed on silica gel 60F^ precoated plates {Merck, Germany). 

* Ethyl acetate-methanol-water (100:13.5:10) 

With the exception of Senna preparations, the solvent system is suitable for the 
chromatography of all anthracene drug extracts. 

* n-propanol-ethyl acetate-water-glacial acetic add (40:40:29:1) ► Senna 

* light petroleum-ethyl acetate-formic acid (75:25:1) ► anthraquinone aglycones 


General method, 
methanolic extract 

Senna 

Hydrolysis of 

anthraquinone 

glycosides 


Reference 

solutions 


Adsorbent 

Chromatography 

solvents 
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toluene-ethyl formiate-formic acid (50:40:10) or (50:20:10) ► for the non-laxative 
dehydrodianthrones of Hyperici herba 


23 Detection 


• UV 254 nm All anthracene derivatives quench fluorescence 

• UV 365 nni All anthracene derivatives give yellow or red-brown fluorescence 

• Spray reagents (See Appendix A) 

- Potassium hydroxide (KOH No. 35; -> Borntrager reaction) 

After spraying with 5% or 10% ethanolic KOH, anthraquinones appear red in the 
visible and show red fluorescence in UV-365 nm. 

An thrones and anthranols: yellow (vis.), bright yellow fluorescence (UV-365 nm). 
Dianthrones do not react. 

- Natural pro ducts-polyethylene glycoi reagent (NP/PEG No.28) 

An thrones and anthranols: intense yellow fluorescence (UV-365 nm), 

- Sennoside detection 

The TEC plate is sprayed with concentrated HNO_, and then heated for 10 min 
at 120°C. It is then sprayed with 5% ethanol ic K01L After further heating, 
sen nos ides appear as brown-red zones in UV-365 nm and brown zones in the 
visible. 

Sennosides can also be detected with a 1% solution of sodium metaperiodate in 10% 
ethanolic KOH, After spraying and heating (approximately 5 min), yellow-brown 
zones are obtained in UV-365 nm. 

- Rhaponticoside detection 
Phosphomolybdate-HjSO* reagent (PMA-H,SO h No.36) 

Rhaponticoside gives dark blue zones in the visible 

- Hypericin detection 

A 10% solution of pyridine in acetone intensifies the red fluorescence of hypericin 
in UV-365 nm. 

- “Isobarbaloin* test for the differentiation of Aloe capensis and Aloe barbadensis. 
One drop of saturated CuSO,, solution, 1 g NaCl and 10 ml 90% ethanol are added to 
20 ml of an aqueous solution of Aloe barbadensis (Curacao aloe, 1:200). A wine-red 
colour is produced, which is stable for at least 12 h. Solutions of Aloe capensis fade 
rapidly to yellow. 
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2.4 Circular TLC in Addition to the Ascending TLC 


This method is generally useful for the separation of drug extracts containing a high 
proportion of ballast substances, e.g. mucilages from Sennae folium. 

Two diagonal pencil lines are drawn from the corners of the TLC plate. The centre point 
of the plate is marked and a circle is drawn around it with a diameter ol approximately 
2cm. The circle is thus divided into four segments by the diagonals. The perimeter of 
each segment serves for the application of drug extracts or reference solutions (see figure 
below). 

100ml of solvent are placed in a round, straight-sided chamber (glass trough, 10cm 
high, 20 cm in diameter). A glass funnel is loosely packed with cotton, which extends as 
a wick through the tube of the funnel The funnel is placed in the solvent system, so that 
the solvent soaks into the cotton. With the loaded side facing downwards, the TLC plate 
is placed over the top of the trough, so that the cotton makes contact exactly at the 
marked centre. 

The solvent migrates circularly from the point of application. The zones of the separat¬ 
ing substances form single arcs, which increase in length from the starting point to the 
periphery of the spreading solvent. 

The same adsorbent (silica gel 60 F 2M precoated plates, 20 X 20 cm; Merck, Darmstadt), 
the solvent systems and detection methods can be used as described for ascending TLC. 
Good separations are obtained by solvent migrations of 6 cm only. 



Application 


Procedure 


Glass trough 
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2.5 Drug List 


Pig. 1,2 


Pig- 1,2 


Fig. 1>2 


Fig. 2 


Fig. 4 


Fig. 3 


Drug/plant source 
Farnily/pharmacopoeia 

Main constituents 

Hydroxyanthracenes 

Aloes 

Various types such as: 

Cape and Curacao aloes 
Socotrine aloes 

DAB 10, Helv VII, USP 

XXII, MD 

Uganda, Kenya aloe, 

Indian aloe 

Asphodelaceae (Liliaceae) 

Dried juice of aloe leaves. 

Aloin A, B (10-C-p-D glucopyranoside of aloe 
e mod in-an throne), a- and p-stereo isomers 
Aloinoside A and B (stereoisomers ofalom- 
11-a-L-rh.amnaside), aloe-emodin (aglyone) 
Aloeresins (non-laxative compounds): 
aloesin A (chromone-C-glucoside), 
aloesin B (p-cou marie acid ester of uloeresm 

A), aloesin C (glucoside of aloesin B) 

Aloe capensis 

Cape aloes 

Aloe ferox MILLER and 
hybrids 

DAB 10, BHP 00, OAB 90, 

USP XXII, Helv VII, Jap XI 

Not less than 18% hydroxyanthracenes 
calculated as aloin (e.g. DAB 10) 

Aloin A/B, aloeresins A/15 (type I) 

Aloin A/B, aloinosides A/B, aloesin A/B (type 1.1), 
5-hydroxyaloin A/B, aloe-emodin (<!%) 

Aloe barbadensis 

Curacao aloes. Aloe vera 

Aloe barbadensis MILL. 

DAB 10, BHP 90, Helv VII, 
OAB 90, USP XXII, MD 

Not less than 28% hydroxyanthracenes 
calculated as aloin (DAB 10) 

Aloin A/B, 7-hydroxyaloin A/B (3%) 

8-Methyl-7-hydroxyaloin A/B, aloesin B/D 

Aloe perryi 

Socotrine aloes 

Aloe perryi BAK. 

MC 

Up to 14% hydroxyanthracene derivatives 
calculated as aloin 

Aloin A/B, aloinosides A/B, 
aloeresins A/B 

Rhamni purshiani cortex 
Cavscarae sagradae cortex 

Cascara sagrada bark 

Sacred bark, chitten bark 
Rhamnus purshianus D.C. 
Rhamnaceae 

DAB 10, PhEur II, OAB 90, 
Helv VII, MD 

USP XXII (extract) 

Not less than 8% hydroxyanthracenes 
with at least 60% case a resides 
calc, as cascaroside A (DAB 10) 

Cascarosides A and B (diastereoisomers of 
aloin-8-O-P-D-glucoside); cascarosides C 
and D (diastereoisomers of deoxyaloin-8-O- 
p-D-gluCDSide); Aloin, deoxyaloin (I0%- 
20%), small amounts of emodine; frangula- 
emodin-O-glycosides (10%-20%) 

Frangulae cortex 

Rhamni frangulae cortex 

Alder buckthorn bark 
Rhamnus frangula l, 
Rhamnaceae 

DAB 1.0, PhEur II, 

Helv VII, MD 

Not less than 6% anthraquinone glycosides 
Giucofrangulin A and B (emodin-6“0-a-i.- 
rhamnosyl-8-O-p-i)-glucoside and -6-O-ol-l- 
apiosyl-8-O-fi-D-glucoside). Frangulin A and 

B (emodin-6-O-a-L-rhamnoside and 
emodin-6-O-ot-L-apioside). 
Emodtn-8-p-O-glucoside, -diglucoside 

Physcion, chrysophanol glycosides 
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Drug/plant source 
Family/pharmacopoeia 

Frangulae fructus 
Alder buckthorn fruits 
Rhamnus frangula L. 
Rhamnaceae GAB 

Oreoherzogiae cortex 
Rhainni fallaci cortex 
Rhamnus alpinus L. ssp. 
fallax (BOISS.) PETIT MAI RE 
Rhamnaceae 

Rhamni cathartici fructus 
Buckthorn berries 
Rhamnus cathartic us L. 

MD 


Rhei radix 

Rhubarb rhizome 

Rheum officinale BAfLLON 

Rheum palmaturn L and 

hybrids 

Polygonaceae 

DAB 10, OAB. MD, Japan, 

China 

Rhei rhapontici radix 
Garden rhubarb 
Rheum rhaponticum L. 
Polygonaceae 

Sennae folium 
Senna leaves 
Cassia senna L. 
(Alexandrian senna) 

Cassia, angustifolia VAHL 

(Tinnevelly senna) 

Caesalpiniaceae 

DAB 10, CAB 90, Helv VII, 

Jap XI, MD 


Main constituents 
Hydroxyanthracenes 

Low concentrations of anthraquinone 
aglycones and traces of anthraquinone 
glycosides. 


1 %-3% Hydroxyanthracene derivatives 
Emodm-giucoside, physcion-rutinoside 
Flavonoids: e.g. xanthorhamnin 
► adulterant of Frangulae cortex 


Low contents of anthra quin ones in fruit flesh, 
0,7%H.4% hydroxyanthracenes in semen; 
frangulae mo din, -emodinantlirons 
Flavonol glycosides >1%: xanthorhamnines 
= triglycosides of rhamnocitrin (7-methyl- 
kaempferol and 7-methyl-quercetin) 

Cathartic in (rhamnocitrin-3-0-[3-rham noside) 

l%-6% Hydroxyanthracenes (not less than 
2,5%); 60%-80% of mono- and diglucosides of 
physcion, chrysophanol and rhein (e.g. 
physcion-8-0-gentiobioside); rhei.n, physcion, 
chrysophanol, emodin, aloe-emodin; 
bianthronglycosides; rheidin A-C, sennidin 
C,D, galloyl-fi-D-glucose 


0.3%-G.5% anthraquinone aglycones and 
glucosides, 7%~10% stilbene derivatives: 
rhaponticoside 5%, desoxyrhaponticoside, 
Adulterant of Rhei radix 

2%-3.5% dianthrone glycosides (not less than 
2,5%). calc, as sennoside B for Alexandrian 
and Tinevelly senna (e.g, DAB 10), As 
principal active compounds: 
sennoside A and B as 8,8'-diglucosides of 
sennidin A/B ( = stereoisomeric 10-10'- 
dimers of rhein anthrone) 

Sennoside A (dextrorotary), sennoside Aj 
(optical isomer), sennoside B (optically 
inactive mesoform) 
low amounts of Sennoside C and D 
(=heterodianthrons), rhein, emodin and 
their mono- and diglycosides 


Fig. 3,4 


Fig. 3 


Fig. 3 A 


Fig. 5,6 


Fig. 7,8 
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Drug/plant source Main constituents 

Family/pharmacopoeia Hy dr oxyauthracenes 


Fig. 7,8 Sennae fructus 
Senna pods 
Cassia senna L 
(Alexandrian senna) 
Cassia angustifolia VAHL 
(Tinevelly senna) 
Caesalptniaceae 
DAB 10, PhEur 1, OAB, 
Helv VII, MD, USP XXII 


2,2%-3,4% dianthrone glycosides 
Alexandrian senna pods > 3.4% (DAB 10) 
Tinnevelly senna pods > 2.2% (DAB 10) 
Sennoside A,B besides C,D; rhein, mono- and 
diglycosides of emodin and rhein 
Naphthalenes: 6-hydroxy musizin glucoside 
(C. senna); tinevellin-glucoside 
(C. angustifolia) 


Fig. 9,10 Hyperid herba 
St. John’s wort 
Hypericum perforatum l. 
Hypericaceae (Glusi.aceae) 
DAC 86, Helv VII, MD 


0.05 -0.6% dehydrodianthrones 
Hyperidn, pseudohypericin, protohypericin 
Flavonol glycosides; rutin, hyperoside, 
quercitrin, isoquercitrin; quercetin; biapigenin 
Chlorogenic add. Hyperforin (fresh plant) 


2,6 Formulae 



ch 2 r 2 




R, 

R, 

Aloin A 

H 

OH 

(~)-L l-Desoxyaloin 

H 

H 

Aloinoside A 

H 

O-a-L-rhaninose 

Cascaroside A 

p-i;>-glucose 

OH 

Cascaroside C 

p-D-glucose 

11 


r l r 2 

Aloin B 

H 

OH 

(-)-il-Desoxyaloin 
Aloinoside B 

H 

H 

H 

O-a-L-rhamnose 

Cascaroside B 

p-D-glucose 

OH 

Cascaroside D 

P-n--glucose 

H 
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R, R 2 


Glucofrangulin A 

a-L-rhamnose 

p-D-glucose 

Glucofrangulin B 

p-o-apiose 

i-D-glucose 

Frangulin A 

a-L-rhamnose 

H 

Frangulin B 

p-D-apiose 

H 

Frangula emodin 

H 

H 


R. 

R, 

Rheum emodin 

CH, 

OH 

Aloe emodin 

ch 2 oh 

H 

Rhein 

COOH . 

H 

Chrysophanol 

Physdon 

CHj 

CH, 

H 

OCR, 



OH O OH 



O 



Rhaponticoside R — p-P-glucose 

Rhapontigenin R — H 



R 

Ri 


Sennosi.de A: R, R, = COOH { + }-form 
Sennoside B: R, = COOH mesoform 


Sennoside C: R - COOH R, - CH>OH (+) form 
Sennoside D: R = COOH R, - CH 2 OH mesoform 
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HO O OH 



Protohypericin 
R, = R, = CH 3 
Protopseudohypericin 
R, - CH, R., - CH 2 OH 


OH 



OH 


4-4': Hypericin 
R, « R, = CHj 
4-4': Pseudohypericin 
R, - CH 3 R z = CH 2 OH 
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Drug sample 


Reference 

Compound 

Solvent system 

Detection 


Fig, l 
A 


B 


Fig. 2 
C 


2.7 Chromatograms 
Aloes 


1 Aloe capensis (type 1) 

2 Aloe capensis (type II) 

3 Aloe barbadensis (Curacao aloe) 
(.meth a nolle extracts, 5 f.ll) 

T1 aloin 

T2 7-hydroxyaloin 


4 Aloe perry! (Socotrine aloe) 

5 Aloe of l&nian origin 

6 Aloe of Ugandan origin 

T3 aloin (R, - 0.45) ► aloe 
emodin (R f — 0.95) 


ethyl acetate-methanol-water (100:13.5:10) 


Fig. 1 Without chemical treatment A UV-365nm»B UV-254nm 

Fig. 2 10% ethanolic KOH reagent (No. 35) —» C UV-365nm, D vis 


Aloe species are characterized by aloin A/B, aloe-emodin and the non-laxative aloeresins 
(aloesin A-C). In addition some aloes contain aloinosides and substituted aloins (5- or 
7-hydroxyaloin A/B). 

Aloe capensis (1,2) 

Cape Aloe (1) is characterized by the yellow fluorescent zone of aloin (R r ~ 0.5/T2) and 
aloe-emodin (solvent front). The zones of aloe res ins such as aloesin A and B (R, — 0.55 
and R, ~ 0.25, respectively) fluoresce light blue. 

Trade samples of Cape aloe (2) can show besides the yellow fluorescent aloin and aloe- 
emodin, additional yellow zones of the aloinosides A/B (R, 0,25-0.3) and additional 
glycosides (e.g. R t — 0.75). The blue fluorescent zones are less prominent than in sample 
1 (e.g. aloe resins). 

All major compounds, such as aloins or aloinosides and specifically the aloesins show 
quenching in UV-254nm. 

Note: 7-hydroxyaloin (T2) a characteristic compound in Curacao aloes (3) is absent in 
Cape aloes (1,2). 

TLC synopsis of aloes (1-6) 

Treatment with KOH reagent intensifies the yellow fluorescence of aloin and aloinosides 
as well as the blue fluorescence of the aloe resins. Aloe-emodin shows a typical red 
Borntriiger reaction in UV-365nm. 


Aloe resins 

Aloin Aloinosides Aloesins 

Remarks 

1 Cape aloe 

i- + + + 

Cape and Curacao aloes are differentiated 

2 Cape aloe 

l. + + 

by the “isobarbaloin-test" of Klunue 

3 Curacao aloes 

••1 i. 4- + 

(see section 2.3) winch gives yellow or 

4 Socotrine aloes 

T '1 1- 1- 

wine red colour, respectively 

5 Kenya aloes 

3* + 3 M ) 

Socotrine and Curacao aloes show a dark 

6 Uganda aloes 

+ ( + ) ( + ) 

zone directly below aloin, e.g. 
7-hydroxyaloin in 3 


All Aloe (1-4) samples show aloin as prominent yellow zones (vis.). The samples 2 and 
4 contain, in addition, aloinosides (yellow/R, 0.25-0.3), and a dark violet-red zone (vis.) 
characterizes Curacao (3) and Scocotrine aloe (4). This zone directly below aloin can be 
identified in (3) as 7-hydroxyaloin. 
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Rhamnus species 


Drug sample 


Reference 

compound 


1 Frangulae cortex (Rhamnus frangula) 

2 Oreoherzogiae cortex (Rhamnus alpinus ssp. fallax) 

3 Frangulae fructus (Rhamnus frangula) 

4 Rhamni carthartid fructus (Rhamnus cartharticus) 

5-7 Cascarae cortex (Rhamnus purs hi an us-trade samples) 

(methanolic extracts, 20 pi) 

T1 glucofrangulin A (R f 0*25) ► aloin (R r 0.45) > frangulin A (Rf 0.75) ► emodin (front) 
T2 aloin 


Solvent system 
Detection 


ethyl acetate-methanol-water (100:13.5:10) 

Fig. 3 KOH reagent (No. 35) A -4 vis; B, C -4 UV-365 nm 

Fig. 4 Natural products-poly ethylene glycol reag. (NP/PEG No. 28) P, F. -4 UV-365 run 


Fig, 3 Anthraquinones 

A Frangulae cortex (1) is characterized by two pairs of red-brown anthraquinone 
glycosides (vis.): glucofrangulin A (R f 0.2), B (R f 0.3) and frangulin A (R f 0.75), B (R f 0,8). 
Aglycones such as emodin, physcion and chrysophanol move with the solvent front. 
Oreoherzogiae cortex (2) counts as an adulterant of Frangulae cortex: glucofrangulin 
A/B present in considerably lower concentration* only traces of frangulin A/B, additional 
anthraquinone glycosides such as physcion-rutinoside (R f — 0.3) and emodin-glucoside 
(R, ~ 0.5) dominate. A yellow zone at R t — 0.2 in both samples (1,2) is due to flavonol 
glycosides see Fig. 4 D, 

B All anthraquinones of Frangulae and Oreoherzogiae cortex (1,2) show a bright orange- 
red fluorescence in UV-365 nm. 

C Frangulae fructus (3) shows only traces of frangula-emodin at the solvent front. 

Rhamni earth art ici fructus (4). Four to five orange-red zones are detectable in the R r 
range of glucofrangulin (R r — 0.25), frangulin (R f ~ 0.8) and above. 

Fig 4 Flavonoids and cascarosides 

D Frangulae cortex (1): one green fluorescent flavonoid glycoside (R, ~ 0.2) and the zones 
of frangulin A/B with brown fluorescence. 

Frangulae fructus (3): two yellow orange fluorescent flavonol glycosides (R r 0.15/0.45). 
Rhamni cathartiri fructus (4): a band of prominent orange-yellow fluorescent 
xanthorhamnins (triglycosides, see 2.5 Drug List) between the start and R f 0.25, and 
between R, ~ 0.75 up to the solvent front. Xanthorhamnin (R f ~ 0.2) is found in (3) and 
(4). 

E Cascarae cortex (5-7) samples are characterized by anthrone glycosides: two pairs of 
yellow fluorescent cascarosides A/B (R r 0.05-0.15) and cascarosides C/D (R f 0.2-0.25). 
The cascarosides A/B dominate. The amount of yellow fluorescent aloin (T2), deoxyaloin 
(Rf 0.65) and the red-brown fluorescent aglycones emodin, aloe-emodin, chrysophanol 
(solvent front) varies. Four blue fluorescent naphthalide derivatives are detectable in the 
R f range 0,3-0.45. 

Notei Cascarosides A-C also fluoresce bright yellow when treated with the KOFI reagent. 
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Rhei radix 


Drug sample 


Reference 

compound 


Solvent system 
Detection 


1 Rhei palmati radix (methanol ic extract, 20 pi) 

2 Rhei rhapontici radix (methanolic extract, 20 pi) 

3 Rhei palmati radix (hydrolysate, 10 pi) 

4 Rhei rhapontici radix (hydrolysate, 10 pi) 

Tl rhein 

T2 rhaponticoside 
T3 emodin (R f ~ 0,4) 

Pig. 5 ethyl acetate-methanol-water (100:13.5:10) glycosides 

Fig, 6 light petroleum-ethyl acetate-formic acid (75:25:1) -4 aglycones 

A Without chemical treatment -4 UV-365nm 
B Phosphomolybdic acid/H 2 SO, reagent (PMS No. 34) -4 vis 
C Without chemical treatment -4 UV-254nm 
D Without chemical treatment -4 UV 365 nm 


Fig, 5 Glycosides 

A Rhei radix (1) is characterized in UV-365nm by the prominent yellow fluorescent 
authraquinone aglycone zone (emodin, aloe-emodin, physcion, chrysophanol) at the 
solvent front. Their 8-G-monoglucosides migrate as a brown-red band to R f 0.45-0,55. 
The corresponding diglycosides are present as minor compounds in the R, range 0.1 -0,3, 
The polar aglycone rhein (Tl) at R r - 0.4 is overlapped by blue fluorescent zones. 

Rhei rhapontici radix (2) contains anthraquinone aglycones and monogl ucosides in low 
concentration only. In addition the prominent violet-blue fluorescent stilbene deriva¬ 
tives rhaponticoside/deoxyrhaponticoside (R f 0.45-0.55/T2) are present. They overlap 
the antraquinone monoglucoside zone. 

B Treatment with the PMA reagent produces light yellow zones of anthraquinones (1) and 
a characteristic dark blue band of rhaponticoside/deoxyrhaponticoside (T2) and 
rhapontigenin (solvent front) in sample 2. 

Pig. 6 Aglycones 

C,D The aglycone mixtures (3,4) obtained by HC1 hydrolysis of Rheum extracts (1,2) are 
separated in the lipophilic solvent system and evaluated in UV-254nm and UV-365nm. 
All aglycones show fluorescence quenching in UV-254nm and uniformly yellow or 
orange-brown fluorescence in UV-365 nm. 

Rhei palmati radix (3), Aloe-emodin and rhein (R ( 0.15-0.25/T 1), emodin 
(R f ~ 0.3/T3), chrysophanol and physcion (R f 0.6-0.7) are characteristic aglycones. 
Rhei rhapontici radix (4). The hydrolysate shows a qualitatively similar, but quantita¬ 
tively different aglycone pattern with traces of rhein (Tl) only. In addition blue 
fluorescent stilbene aglycones are found at R F 0.05-0.1. 
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Sennae folium, fructus 


Drug sample I Sennae fructus (methanolic extract, 20 ^il) 
2 Sennae folium (methanolic extract, 20(ul) 


Reference T1 sennoside A° 
compound T2 sennoside B" 1 

Solvent system n-propanol-ethyl acetate-water-glacial acetic acid (40:40:29:1) 


Detection Fig. 7 HNO r potassium hydroxide reagent (HN0 3 /K0H NoJO) -4> vis 

Fig. 8 A HN() r potassium hydroxide reagent (MNO/KOH No.30) —> UV-365nm 
B Sodium metaperiodate reagent (see 2.3 Detection) —> UV-365 nm 


Fig. 7 Sennae fructus (1) and folium (2) 

Treatment of the TLC plate with concentrated HNO„ heating for approximately 30 min 
at 150°C and spraying with KOH reagent produces six to eight brownish and yellow 
zones (vis) in the R f range 0.1 up to the solvent front. 

The dark-brown zones are due to the sennosides B,A (R f 0.25 and R, 0.4) and the 
sennosides D,C (R, 0.5 and R f 0.7). The yellow zones indicate anthraquinone aglycones 
(e.g. rhein/R f — 0.8; emodine/solvent front) and their glucosides (R, — 0.3/R f ~ 0.6). 

Fig. 8A Evaluation under UV-365 nm light is more sensitive. The main brown zones (vis.) of 
Sennae extracts (1,2) now appear light brown to orange-brown. The minor compounds 
of the R, range 0.5-0.9 are also more easily detectable. 

The two dianthron glycosides, sennoside A (R, 0.4/Tl) and sennoside B (R, 0.25/T2) are 
the major compounds in Sennae fructus (1) and S. folium (2). 

In Sennae folium extract (2) a R f value depression of sennoside A and specifically of 
sennoside B occur, caused by the mucilages also extracted from the plant material with 
50% methanol. To avoid this effect the circular TLC method can be used (see Fig. 9). 
Sennoside D (R t — 0.55) is more highly concentrated in Sennae folium extracts (2) than 
in Sennae fructus extracts (1). Sennoside C can be localized at R t — 0.7. Rhein is detect¬ 
able as a yellow zone at R t - 0.8 and its 8-O-glucostde is found between sennoside D 
and C. 

B Direct treatment of the TLC plate with the sodium metaperiodate reagent and beating for 

5 min under observation at 100 Q C reveals green-yellow or dark brownish zones when 
evaluated under UV-365 nm. It is a fast detection method, but less sensitive compared 
with the HNOj/KOH reagent. 


‘'The commercial reference compound “sennoside A” contains small amounts of sennoside C and 
D. The reference compound “sennoside B” shows, in addition, .sennoside A as minor component. 
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Drug sample, 
segment 

Solvent system 

Detection 

Description 


Fig. 9 


Drug sample 

Reference 

compound 

Solvent system 

Detection 


Fig. 10 A 


B 

C 


70___ 

Circular TLC (CTLC) in comparison to ascending TLC of 
Senna extracts 

Sennae folium (upper segment) A sen no side A D sennoside D 

Sennae fructus (lower segment) B sennoside B At aloin Rk rh 

n-propanol-ethyl acetate-water-glacial acetic acid (40:40:29:1) 

Fig. 9 CTLC Sodium metaperiodate reagent (see 2.3 Detection) -4 vis 

Asc. TLC HNOj-potassium hydroxide reagent (HNO/K.OH No. 30) -4 vis 


The CTLC in general is a convenient method to achieve good separations over the short 
distance of 5-6 cm. Extracts and reference compounds are applied in the inner circle 
(start) in an overlapping mode, to make sure that compounds are clearly identified by 
references. Ballast substances of the extracts such as mucilagines are diluted in the 
circular separation lines. The disturbance and R, value depression of sennoside A,B are 
reduced (preparation see 2.4 Circular TLC). 

The semiosid.es are detected as bright yellow-brown bands with, sodium metaperiodate 
(CTLC) and as darker brown zones with the HN0 3 -KOH reagent (asc. TLC). 

The CTLC of Sennae folium und Sennae fructus shows as two prominent circles 
sennoside A and B (-4 test A/B) in the inner parts of both segments. The bands of 
sennoside D (-4D) and C are found slightly below the aloin test (-» test Al). Rhein (test 
Rh) is clearly seen in. Sennae fructus extracts. The influence of mucilagines on the R, 
value of sennoside B results in a dwelling circle (CTLC) and causes an R r value depres¬ 
sion in the picture of the ascending TLC (compare with Figs. 7,8). 


Hyperici herba 

.1 Hyperici herba (Hypericum perforatum) (methanolic extracts, 25 pi) 

2 Hyperici herba (commercial trade sample) 

T1 hypericin , 

T2 rutin (R, 0.35) ► chlorogenic acid (R,0.4) ► hyperoside (R f 0.5) ► isochlorogemc acid 

Fig. 10 A,B ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

C toluene-ethyl formate-formic acid (50:40:10) 

A,B Natural products-polyethylene glycol reagent (NP/PEG No. 28); 

A UV-365 nm, B vis. 

C 10% pyridine in ethanol -4 vis 


Hyperici herba (1,2) is characterized in UV-365 nm after treatment with NP/PEG reagent 
by the prominent red-violet fluorescent zones of the non-laxative dehydrodianthrons, 
the hypericins (R r 0,75-0.8), five bright yellow fluorescent flavonolglycosides (R, 0.35- 
0.7) and blue fluorescent phenol carboxylic acids such as chlorogenic acid (R,- — 0.4/T2). 
The flavonolglycosides are identified as rutin (R, ~ 0.35/T2), hyperoside (R ( ~ 0.5/T2), 
isoquercitrin (R r - 0.6) and quercitrin (R f ~ 0.7). The aglycones, e.g. quercetin, migrate 
with the red fluorescent chlorophylls to the solvent front. 

Hypericins are seen as green-brown and the flavonolglycosides as orange-yellow zones 
(vis). 

Variation of the solvent system and the detection with pyridine reagent reveals a broad 
band of red zones in the R f range 0.5-0.6 (Tl). Red zones at ll f 0.9-0.95 show chlorophyll 
compounds. 
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Fig. 9 



Til 2 T2 1 T1 1 T3 Fig. 10 










3 Bitter Drugs 


Musi of ihe hitter principles in important official drugs possess a terpenoid structure* 
representing derivatives of monoterpen(socoiriduids), se.stjuiterpenes, diter penes and 
rriterpenes. 

3.1 Preparation of Extracts 

Powdered drag (l g) is extracted for 15 min with 10 ml methanol Du the water bath. The 
mixture is filtered and the filtrate is evaporated to 1-1.5 ml; 20-30 pi is used for TLC 
investigations, 

A total of 2 Eid oft he media nolie extract us evaporated to dryness and dissolved in 3 nil 
of water and 10 ml of n-bulanol (saturated with water) is added. After shaking for 3- 
5 min, the butanol layer is separated and evaporated to a volume of I ml* and JKMO }il is 
used for TLC investigations. 

[tumuli iupuli sirobuhis: Dried powdered drug (1 g) is extracted for 24 h with 15 ml cold 
ether. The filtrate is allowed to stand for 1 2 h in the refrigerator* precipitated waxy 
materials are removed by I'd Ira! ion and the titrate evaporated to dryness at room 
temperature. The residue is dissolved in !ml methanol and 20-40 p.E is used I'm TLC 
investigations. 

freshly harvested drug (I g) is extracted for 2h at room temperature with 10 ml 70% 
methanol. 'I he filtrate is evaporated to about 3 ml> and 20-40 ul is used for TLC 

Drugs with cucurbilacinat Powdered drug 0 g) Is extracted for 15 min with chloroform 
or ethanol on <i water bath. The filtrate ts evaporated to 1-1.5ml (mainly cucmbitacin 
glycosides), Extraction with water results mainly in cucurbitacin aglyeones; 20-30 pi is 
used tin TLC investigations. 


3.2 Thin-Layer Chromatography 

From all standard compound 0.1% methanolic solutions are prepared; 10 20 pi is used 
for TLC. 

Silica gel bOlv^prceomed TLC plates (Merck, Germany), 

• ethyl acetate-methanol-water (77:15:#) General screening system 

— »e.g* Genlianae radix, CenUaum 
herbs, Cemdilraitgo cortex, 

Harpagophyti radix 


C.Hm>riil methmt, 
mclhunoiic extract 


Enrich mem 


Exceptions 


Reference 

snhitions 

Adsorbent 

cliromatogrupliy 

solvents 
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* acetone-chloroform-wa ter (70:30:2) 

* dichlormethan-acetone (85:15) 

* chloroform-methanol (95:5) 

* chloroform-methanol (95:10) 

* chloroform-methanol -water (60:40:4) 

* chloroform-acetone (40:30) 

* chloroform-acetone (60:20) 

* ethyl acetate-dioxane-water (30:10:0.3) 

* iso-octane:isopropanol:formic acid 
(83.5:16.5:0.5) 


amarogentin Gentianae radix 
absinthin Absinthii herba 

quassin -> Quassiae lignum 
marrubiin —> Marrubi.i herba 
cucurbitacins —> Bryonia e radix 
aucubin —> Verbasci flos 

cniciu —> Cardui benedicti herba 

cynaropicrin Cynarac herba 

oleuropein -4 Oleae folium 
humulone Humuli lupuli strobuli 


33 Detection 


• UV-254 nm 

• UV-365 nm 

• Spray reagents 


Compounds with conjugated double-bond systems show quenching 
effects (e.g. quassin, humulon, lupulon, neohesperidin). 

No characteristic fluorescence, with the exception of flavonoid gly¬ 
cosides in Aurantii pericarpium extracts, 

(see Appendix A) 


Vanfllin-sulphuric acid reagent (VS No. 42) 

Evaluation after about 10 min at 100°C _ [vis) 


neohespendin, naringin, harpagoside 
gentiopicroside, swertiamarin 
condurangin A-C 

foli amen thin, menthiafolin, quassin 
marrubiin, absinthin, cnicin 
aucubin, catalpol 


reel-violet 
brown-red 
blue-green 
blue 
blue 

grey, red-grey 


- Ani&aldehyde-sulphuric acid reagent (AS No. 3) 

Visualisation after about; 10 min at 100°C: Similar colours (vis) to 
VS reagent and additional fluorescence in UV-365 nm. 


those obtained with 


Liebermann-Burchard reagent (LB No, 25) . , F , ftfV > r 

The TLC plate is sprayed with freshly prepared solution, heated for 10 min at 

and inspected in UV-365 nm or vis . 

Absinthin ->sand-brown colour in UV-365 nm; dark brown in vis 
Cnicin -» light grey in UV-365 nm; weak grey in vis 


Fast red salt B (FRS No. 16) 

Immediately after spraying, phenolic or reducing substances turn yellow, mange or 
Amarogentin (orange); gentiopicroside (red); humulone (yellow); lupulone (red). 


The TLC plate is inspected immediately after spraying. The hop bitter principles and 
oleuropein turn yellow-brown to yellow-green (vis). 




_ 3 Hitter Drugs 75 

- Vanillin-phosphoric acid reagent (VPA No. 41) 

The TLC plate is sprayed with freshly prepared solution, heated for 10 min at 100°C 
and inspected in vis and UV-365 nm, 

The cueurbitacins are blue or red-violet (vis.) and fluoresce blue-pink, yellow and 
green in UV-365 nm. 

- Natural products-polyethylene glycol reagent (NP/PEG No. 28) 

The TLC plate is sprayed with freshly prepared solution and inspected in UV-365 nm. 
The flavonoid glycosides and phenolcarboxylic acids (Auranlii pericarpium, Cynarae 
herba) show an orange, green or blue to blue-green fluorescence in UV-365 nm. 


3.4 Drug List 


Drug/plant source Bitter principles - Bitterness index (BI) 

family/pharmacopoeia Main compounds 


Terpenoid bitter principles 
Monoterpenes (C-10) 



Centaurii Herba 

Centaury 

Centaurium erythraea RAPN. 
(syn. C t minus MOENCH) 
Gentianaceae 

DAB 10, OAB, Helv VII, MD 

Secoirkloid glycosides: 
swertiamarin (75%), gentiopicroside 
(gentiopicrin); swerosid, centapicreside 
(traces) 

Bl plant, 2000-4700 Bl flowers, 6000-12 000 
► Flavonoids, xanthones, tri ter penes 

Tig. 3 

Gentianae radix 

Gentian root 

Gcntiana lutea L. 

Gentianaceae 

DAB 10, OAB, Helv. V1F, 

BP 88, MD, China 

2%-4% secoiridoid glycosides: 
gentiopicroside (—2.5%; Bl 12 000) 
amarogeiltiil (0.025%-0,4%; BI 58 X 10 f1 ) 
Oligosaccharides: 

gentianose (2.5%-5%; Bl 120/fresh root), 
gentiobiose (l%-8%; BI 500/dry root) 

BI of the drug, 10000-30 000 

0.1% xanthons: gentisin, isogen tisin 

Tig. 3 

Menyanthidis folium 

Trifolii fibrini folium 

Buckbean leaf 

Men yan flies trifoliata L 
Menyanthaceae 

DAC 86, CAB, MD 

>1% secoiridoid glycosides: 
foliamenthin, menthiafolin, 

7' ,8' ~ d ihydrofoli a menthin, sweroside 

Verbenalin type: loganine 

BI folium; 4000-10 000 

Tig, 4 

Euphrasiae herba 

Euphrasy herb 

Euphrasia species E. stricta 

E. rostkoviana group 
Scrophulariaceae 

lridoid glycosides: 

aucubin, catalpol, euphroside, ixoroside 

► Lignan: dehydrodiconiferyl alcohol-4-|3-D- 
glucoside 

► Flavonoids: quercetin and apigenin glucosides 

Tig* 5 
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Drug/plant source 
Family/pharmacopoeia 

Bitter principles - Bitterness index (BI) 
Main compounds 

Fig. 5 

Gakopstdis herba 

Hemp nettle 

Galenpsis segetum NEK. 
Lamiaceae 

Iridoid glycosides: 

harpagoside, 8-O-acetylharpagide, 

antirinoside 

1*18-5 

Plantaginis folium 

Ribwort leaf, Plantain 

Plantago lanceolata L. 
Plantaginaceae 

OAR, Helv, VII 

Iridoid glycosides: 
aucubin (0.3%-2,5%) 
catalpol (0.3%-l.l%) 

Fig. 5,6 

Verbasci flos 

Mullein flowers 

Verba sc um den sill or um 
BERTOI, 

Scrophulariaceae 

DAC 86, GAB, Helv. Vll 

Iridoid glycosides: 

aucubin, 6-fl-xylosy] aucubin, catalpol, 
catalpol-6-jVxyloside, methyl-, isocatalpol 

► Saponins: verbascosaponin (—0.04%). 

► 1.5%-4% flavonoids: (see 7.1.7, 

Fig. 1,2). 

Fig. 5 

Veronicae herba 

Male speedwell wort 

Veronica officinalis L. 
Scrophulariaceae 

0,1%-1% iridoid glycosides: 

catalpol, veronicoside (2-benzoylcatalpol), 

verproside (6-protocatechuoylcatalpol) 

► Flavonoids: luteolin glycosides (0.7%) 
chlorogenic, caffeic acid; saponins 

Fig. 5*6 

Rehmanniae radix 

Rehmannia glutinosa 
(GARTN) LtBOSCH. 
Scrophulariaceae 
lap XT, China 

Iridoid glycosides: 
aucubin, catalpol (Q.3%-0.5%) 
rehmanniosides A-C, D (0.02%), 
ajugol (0.04%) 

Fig. 5B 

Harpagophyti radix 

Grapple plant root 
Harpagophytum procumbens 
(BURCH) DC. and 

H. zeyheri DECNE. 

Pedaliaceae 

0.5%-3% iridoid glycosides: 
harpagoside (bitter), isoharp ago side, 
harpagid (sweet), procumbid 

BI of the drug, (600) 2000-5000 

Fig. 5B 

Scrophulariae herba 
Scrophulariae radix 

Pigwort 

Scrophuiaria nodosa L. 
Scrophulariaceae 

I%-2% iridoid glycosides 

Substitute for Harpagophyti radix, 

but lower amount (—50%) of harpagoside 

Fig. 9 

Oleae folium 

Olive leaf 

Olea europaea L. 

Oleaceae 

MD 

iridoid glycosides: 
oleuropein (oleuropeoside 6%-9%) 
6-oleuropeylsaccharoside 
► Flavonoids: Luteolinglykosides 



3 Bitter Drugs 77 


Drug/plant source 

Family/pharmacopoeia 

Sesquiterpenes (C-15) 

Bitter principles - Bitterness index (BI) 

Main compounds 


Absinfhii herba 

Wormwood 

Artemisia absinthium L. 
Asteraceae 

DAB 10, DAB 90, MD 

BMP 83 

Sesquiterpene ketones: 

--'0.3% (leaves), '-0.15% (flowers) 

Absinth!n (—0.2%) and anabsinthin 

Artabsin (0.1% in freshly harvested plants) 

BI of the drug, 10000-25 000 

Bl of absinthin, about 12 700 000 
► ess. oil 1.5% e.g. thujon 

Fig. 7 

Cardui benedicti herba 

Cnici herba 

Blessed thistle 

Cmcus bened ictus L. 

Asteraceae 

DAC 86, GAB 90, MD 

Sesquiterpene lactons (—0.25%), 

(germacran type); 

cnicin, salonitenolid and artemisiifolin 

BI of the drug, 800-1800 
► Essential oil (0.03%-0.1%) citral, citron dial 
cinnamic acid, acetylene derivatives 

Pig. 8 

Cynarae herba 

Artichoke 

Cynara scolymus L, 

Asteraceae 

MD (leaves) 

Sesquiterpene lactones (0.5%-6%) 

Cynaropicrin (40%-80%; BI 40 X 10' 1 ) 
and/or grosheimin 

► Caffeic acid derivatives: chlorogenic, 
and 1,3-dicaffeoyl quinic acid (cynarin). 

► Flavonoids (0.1%-1%); scolymoside, 
cynaroside, luteolinglycosides 

Pig. 13 

Diterpenes (C-20) 

Marrtibii herba 

White horehound 

Marrubium vulgare L. 

Lamiaceae 

GAB 90, BMP 83 

Bitter principle: 0.3%-l% (labdan type) 
marrubiin (0.1%-I%); marrubiol, 
marrubenol, vulgarol 
premarrubiin (0.13%) 

Fig. 9 

Triterpenes (C-30) 

Quassiae lignum 

Quassia wood 

Quassia amara L, "SURINAM” 
Picrasma excelsa PLANCH. 
Simarubaceae 

MD 

Secotriterpenes (simarubalides) -'0.25%: 
quassia., neoquassin and 18-hydroxy-quassin 
(0.1%-0.15%). 

BI of the drug, 40000-50000 

BT of quassin/neoquassin, 17 x io 6 

Fig. 10 

Cucurbitacins (C-30) 

Bryoniae radix 

Bryony root 

Bryonia alba L. and B. cretica 
ssp. dioica PLANCH. 
Cucurbitaceae, MD 

Tetracyclic triterpenes 

cucurbitacin glucosides I,L,E and dihydro- 

cucurbitacins E,B and aglycones 

Bryonia alba and B. dioica: qualitatively 
similar contents of cucurbitacins 

Pig.11, 





Drug/ plant source 
Family/pharmacopoda 

Bitter principles - Bitterness index (BI) 

Main compounds 

Colocynthidis fructus 

Citrullus colocynthis (L.) 
SCHRAD, Cucurbitaceae 

Tetracyclic triterpenes 

Cucurbitacin glucosides E,I,L 

Gratiolae herba 

Gratioia officinalis L, 
Scrophulariaceae 

Tetracyclic triterpenes 

Cucurbitacin glucosides E,I,L and aglycones 

Iberidis semen 

Bitter Candy 

Iberis amara L. 

Brassicaceae 

Tetracyclic triterpenes (0.2%-0,4%) 

Cucurbitacin glucosides E,I, and aglycones 
Cucurbitacin K,J (traces) 

Bcballii fructus 

Ecballium elaterium (L.) 

A.RICH. Cucurbitaceae 

Tetracyclic triterpenes 

Cucurbitacin glucosides E,B,I,L and aglycones 

Tayuyae radix 

Cayaponia tayuya LOGN. 
Cucurbitaceae 

Tetracyclic triterpenes 

Cucurbitacin glucoside B and aglycones 

Drugs containing non-terpenoid bitter principles 

Aurantii pericarp!um 

Seville orange peel 

Citrus aurantium L. ssp. 
aurantium 

Rutaceae 

DAB 10, MD, 

Japan, China 

FI a van one glycosides: neohesperidin, na ring in 
{see Fig. 23, Chap. 7 Flavonoid Drugs) 

Triterpene: limonin (mainly in seeds, BI 10*), 

Bl of the flavanone glycosides, about 500000 

BI of the drug, 600-1500 

-> (see Fig. 17/18, Chap. 6 Aetherolea) 

Hnmuli lupuli strobulus 

Hops 

Humulus 1 up ulus L. 

Moraceae (Cannabaceae) 

DAB 10.BHP83 

Acyl phloroglucides: 
humulone (“a-acids, 3%-l2%) 

Lupulone ( w (3-acids, 3%-5%) 
unstable compounds, hop bitter acids 

Pregnane type (steroids) 


Condurango cortex 
Condurango bark 

Marsdenia cundurango 
RElCHB.f. 

Asclepidiaceae 

DAC 86, C)AB 90, Heiv. VII, 
MD, Japan 

l%-2% digitanol glycosides: 

complex mixture of C-21-steroidglycosides 

Condurangirse A, A n B, C, C,, D, E 

A: -20-carbonyl, linked to pentasaccharide 

B: -2-hydroxyl 

A, A„ C, C, are diesters with acetic acid and 
cinnamic acid 

BI of the drug, about 15 000 
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3.5 Formulae 



Swertiamarin R = OH Amarogentin R - H 
Gentiopicroside Sweroside R = H Amaroswerin R * OH 



Menthiafoiin 



Drhydrofolfamenthin 
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Glue 


Rehmannioslde Rehmannioside D 

A; R, = OH; R 2 - O-Mel R - O-Soph 

B: R, - O-Gal; R 2 - O-Glu 



Artabsin 
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Cynaropicrin Cynarin 



Cucurbitacin Cucurbitacin 

B: R = Ac I: R = H 

D: R - H E: R = Ac 
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H 

Neoquassln 




Humulone 


Lupulone 
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Neohesperidose 



Naringin R - R 1 * H 

Neohesperidin R = CH 3 ; R 1 = OH 



Limonin 
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Drug sample 

Reference 
Solvent system 

Detection 

Fig. I 


Fig. 2 


3.6 TLC Synopsis of Bitter Drugs 

1 Aurantii pericarp turn 4 Centaurii herba 

2 Harpagophyti radix 5 Condurango cortex 

3 Gentianae radix 6 Menyanthidis folium 

(methanolic extracts, 25 (til) 

T neohesperidin 

Fig. 1 ethyl acetate-methanol-water (77:15:8) -> system I 

Fig. 2 ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) —> system II 

Fig. I Vanillin sulphuric acid reagent (VS No. 42) vis 
Fig. 2 Anisaldehyde sulphuric acid reagent (AS No. 3) -> vis 


Aurantii pericarpium (1): two characteristic red-orange zones of flavonoid glycosides -» 
naringin/neohesperidin (bitter), rutin/eriocitrin (non-bitter) at R ( 0.4-0.5. 

► see Fig. 23, 7.1.8 Flavonoid Drugs. \ 

Harpagophyti radix (2): two prominent violet-red zones of iridoid glycosides -> 
bar pages ide (bitter/ JR f - 0.5) isoharpagoside, harpagid (sweet!) and procumbid 
R ( ~ 0.2). 

► see Fig. 5, 3.7 Bitter Drugs, comparison with Scrophulariae herba and radix. 

Gentianae radix (3): a major red-brown and a minor zone of secoiridoid glycosides -> 
gentiopicroside (R { ~ 0.45) and swertiamarine directly below. 

► see Fig. 3, 3.7 Bitter Drugs (detection of amarogenfin). 

Centaurii herba (4): a yellow-brown prominent zone of swertiamarin at R ( — 0.4 as well 
as gentiopicroside directly above. Two yellow zones at R r 0.25-0.3 are due to flavonoid j 
glycosides. 

► see Fig. 3, 3.7 Bitter Drugs. j 

Condurango cortex (5): a dark blue-black band of con dura ngins in the JJ, range 0.4-0,55 , 

(a complex mixture, see drug list) and eight dark blue-violet zones between R t ~ 0.6 up . 

to the solvent front. 

Menyanthidis folium (6): three bright blue zones of the secoiridoid glycosides 
foliamenthin, menthafolin, dihydrofoliamenthin in the R f range 0.6-0.8; additional j 
yellow-brown flavonoid glycosides in the R ( range 0.2-0.5. 

► see Fig. 4, 3.7 Biller Drugs (loganine). 

Note: Dark brown-black zones in the jR, range 0,05-0.2 are due to free sugars. 

Generally slightly lower R f values and minor variations in colours of the main bitter | 
principle compounds in comparison to those of Fig. 1 are recorded. 
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3.7 Chromatograms 

Gentianae radix, Centaurii herba, Menyanthidis folium 


Drug sample 


Reference 

compound 

Solvent system 
Detection 


1 Gentianae radix (methanolic extracts, 20 pi) 

2 Centaurii herba 

3 Menyanthidis folium 

Tl amarogentin T3 loganine 

12 gentiopricroside T4,T5 bitter principle fractions (foliamenthin, menthaiohn) 

Fig. 3,4 ethyl acetate-methanol-water (77:15:8) 

A U V-245 nm (without chemical treatment) 

B vanillin sulphuric acid (VS No. 42) vis 
C fast red salt reagent (FRS No. 17) -» vis 


Fig. 3 The secoiridoid glycosides amarogentin {R f ~ 0.8/T1), gentiopkroside [R t 0.45/extract 

A 1) and swertiamarin (R r - 0.4/extract 2) give fluoresce nee-quenching zones in UV- 
254 nm. 

Besides gentiopicroside Gentianae radix (1) shows two prominent quenching xanthone 
zones with gentisin/isogentisin at the solvent front and the gentioside at - 0.3. 

In Centaurii herba (2) the swertiamarin zone dominates; there is a weaker zone of 
flavonol glycosides at R ( ~ 0.2. 

B After VS reagent Gentianae radix (1) generates the gentiopicroside as a brown-violet 
zone at R ( 0.45 (T2), amarogentin as a weak brown-violet zone at R ( 0.8 (Tl), nonspecific 
blue, violet or brown-green zones in the jR f range 0.25-0.95 and the gentiobiostde/ 
gentianoside as major green-brown zone at R { 0.1-0.2. 

Centaurii herba (2) contains swertiamarin as main bitter principle, found as a pro¬ 
nounced brown-blue zone at R t ~ 0.4 directly below the weak concentrated zone of 
gentiopicroside (T2). Flavonoid glycosides form yellow bands in the R r range 0.2-0.35, 

C Specific treatment with FRS reagent reveals amarogentin (Tl) and xanthones as yellow- 
orange coloured zones (vis) in extract L 

Fig 4 A Menyanthidis folium (3) shows in UV-254 nm live weak fluorescence-quenching zones 
of secoiridoide glycosides (i*, 0.4/0,55/0.70), flavonol glycosides (R< ~ 0.1) and aglycones 
(front). 

B Treatment with the VS reagents generates two prominent blue and two minor blue zones 
in the R f range 0.55-0.8. They represent foliamenthin, menthafolin and dihydro- 
foliamenthin (T4,T5). The iridoid loganine (T3) migrates as a violet-blue zone to R f - 
0.45. Brown zones directly below are due to compounds such as sweroside ( /?,- ~ 0.35). 
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88 


TLC Synopsis, Drugs with Iridoid Glycosides 


Drug sample 


Reference 

compound 

Solvent system 


Detection 


Drugs with bitter and non bitter iridoid glycosides 
(methanolic extracts, 40 pi; n-BuOH extract, 30 pi) 


1 Verbasci flos 

la Verb, flos (BuOH) 

2 Veronicae herb a 

3 Plantaginis lane, 
herb a 

T1 catalpol 
T2 aucubin 


4 Euphrasiae herba 

5 Galeopsidis herba 

6 Rehmanniae radix 
6a Rehmanniae radix 

(BuOH) 


7 Harpagophti radix 

8 Scrophulariae herba 

9 Scrophulariae radix 


T3 glucose 
T4 melittoside 


Fig. 5A chloroform-methanol-water (60:40:4) -4 system 1 
Fig. 5B ethyl acetate-methanol-water (77:15:8) —> system 2 
Fig. 6A-C chloroform-methanol-water (60:40:4) system 1 

A-C Anisaldehyde sulphuric acid reagent (AS No. 3) 

A,B vis C -> UV 365 nm 


Fig. 5 A System 1: Most of the drug extracts are characterized by iridoid glycoside compounds 
which migrate into the R f range 0.45-0.75. 

The extracts 1-6 contain catalpol (T3), their derivatives, e.g. veronicoside, a 2-benzoyl- 
catalpol, aucubin (T2) and/or derivatives (e.g. aucubin-xyloside) in varying concentra¬ 
tions. They all react with AS reagent as grey, blue or violet zones (vis). 

Galeopsidis herba (5) shows harpagoside at R f ~ 0.6 and harpagoside derivatives in the 
lower R ( range 0.3-0.45. 

The low concentration of iridoid glycosides of Verbasci flos (1) and Rehmanniae radix 
(5) are better detectable after enrichment by n-butanol extraction, as demonstrated in 
Fig. 6A-C. 

B System 2: The bitter principles of the harpagoside type are better separated in system 2. 
Harpagophyti radix (7), Scrophulariae herba (8) and S. radix (9) are characterized by 
the prominent violet zone of harpagoside (jR f — 0.5) and two to three additional violet 
zones in the R ( range 0.25-0.45 (e.g. harpagid, procumbid). 

Note : catalpol (Tl) would migrate to R ( — 0.25. 

Fig. 6 System 1: The detection of the iridoid glycosides (e.g. aucubin) in Verbasci Bos (la) and 
Rehmanniae radix (6a) is achieved by n-butanol extraction (enrichment see 3.1) 

A Verbasci flos (la) shows aucubin and catalpol (T2/T1) as grey zones at R f 0.4-0.5 as well 
as prominent blue-grey zone at Rf ~ 0.4 (e.g. verbascosaponine). 

B Rehmanniae radix (6a) is characterized by three grey, almost equally concen trated zones 
in the R f range 0,25-0,4, due to glucose, melittoside and aucubin (T2-T4) and a weak 
grey zone of rehmanniosides at ^ ~ 0.6, 

C Detection in UV*365nm shows aucubin and catalpol with brown and greenish 
fluorescence (T1-T2). The rehmanniosides appear as a light-brown band at R, - 0.6. 
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Drug sample 

Reference 
compound 
Solvent system 

Detection 

Fig, 7A 

B 

C 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 8A,B 


Absinthii herba 

1 Absinthii herba (methanolic extract, 30 ill) 

2 Absinthii herba (essential oil, 1:9, 5 pi) 

T1 absinthin T2 artabsin T3 thujone 

Fig. 7 A,B dichloromethane-acetone (85:15) —» system 1 
C toluene-ethyl acetate (93:7) —» system 2 

A 50% H.SO., (No.37) UV-365 nm 

B Vanillin sulphuric add (VS No.42) vis 
C Phosphate molybdic acid (PMS No.34) vis 


Absinthii herba (1). The 1T,S0 (| reagent reveals a band of at least ten white-blue 
fluorescent zones from the start up to the solvent front. The sesquiterpene lactone 
absinthin (Tl, ft, ~~ 0.3) and its isomer anabsinthin directly below fluoresce white-yellow 
in UV-365 nm. Artabsin (T2), which migrates up to ft f ~ 0.6, is highly concentrated in 
freshly harvested plants only. 

VS reagent turns the zones of absinthin/anabsinthin grey-violet and artabsin grey-blue 
(vis). 

Absinthii aetheroleum (2). After treatment with PMS reagent the essential oil shows in 
system 2 seven to eight blue terpene zones in the jR f range 0.15 up to the solvent front. A 
major zone of thujyl alcohols (thujol) is followed by the violet-blue thujone zone at ft, — 
0.45 (T3) and thujyl esters and terpenehydrocarbons at the solvent front. 


Cnici herba 

1 Cnici herba (methanolic extract, 30 pi) 

2 Cnici herba (essential oil, 1:9, 5 pi) 

Tl cnicin T2 absinthin 

T3 essential oil mixture: linalool (ft, ~ 0.25) ► carvon ► thymol ► iinalyl acetate ► 
anethole (ft f — 0.85) 

Fig. 8 A,B acetone-chloroform (30:40) system 1 

C toluene-ethyl acetate (93:7) —> system 2 

A3 Liebermann Burchard reagent (LB No. 25); A —> UV-365 nm B —» vis 
C Vanillin sulphuric acid (VS No. 42) —> vis 


Cnici herba (1). Detection with LB reagent reveals 14 light blue, red and green 
fluorescent zones (UV-365 nm) and weak grey, blue and violet zones (vis.) between the 
start and solvent front. 

The bitter principle cnicin at ft, — 0.4 (Tl) is seen as a light yellow-green zone in UV- 
365 nm and as light grey-blue zone in vis. The volatile oil components give a pominent 
blue zone at the solvent front (vis.), They are separated in system 2 (™»C). 

Cnici aetheroleum (2). The terpenes show with VS reagent seven to nine blue to red- 
violet zones: four in the ft, range of terpene alcohols (ft r 0.15-0.25, linalool/T3), citral, 
cinnamic acid (ft, 0.4-0.5), citronellal (ft r — 0.6) and terpene hydrocarbons (front). 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 9A 

B 

C 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. !0A 
B 

C 


Oleae folium, Marrubii herba 

1,2 Oleae folium (methanolic extracts, 30j.il) 

3 Marrubii herba (methanolic extracts, 30 |a1) 

T1 oleuropein 
T2 marrubiin 

Fig. 9 A ethyl acetate-dioxane-water (30:10:0.3) 

B chloroform-methanol (95:5) 

C ethyl acetate-glacial acetic acid-formic acid-wate (100:11:11:26) 

A 10% FeCl 3 solution -4 vis 
B Vanillin sulphuric acid (VS No. 42) —» vis 

C Natural products-polyethylene glycol reagent (NPyPEG No. 28) UV-365 nm 


Oleae folium (1,2) is characterized by oleuropein (Tl), more concentrated in fresh 
material (1) than in stored, dried material (2). After treatment with FeCf, reagent the 
extract forms a strong grey-brown band at R t 0.25-0.3 (vis). 

Marrubii herba (3) shows with VS reagent eight violet zones (e.g. diterpenes) with the 
pronounced zones of marrubiin (T2) at R ( 0.9 and premarrubiin at R ( ~ 0.5. 

Separation of Marrubii herba extract (3) in solvent C and detection with NP/PEG reagent- 
reveals six blue fluorescent zones (e.g. caffeic acid derivatives) between R t 0.15 and 
R t 0.8 and two weak green-yellow flavonoid glycosides at R t 0.5-0.65. 


Quassiae lignum 

1 Quassiae lignum (methanolic extract, 40 pi) 

Tl quassin 

Fig. 10 chloroform-methanol (95:5) 

A UV-254 ntn (without chemical treatment) 

B UV-365 nm (without chemical treatment) 

C Vanillin sulphuric acid reagent (VS No. 42) —> vis 


Quassiae lignum (1) extract shows the bitter-tasting quassin (Tl) as a prominent 
quenching zone at R { ~~ 0.65 in UV-254 nm. 

In UV-365 nm ten to 12 blue and violet fluorescent zones from the start up to R ( — 0.85 
are detectable in UV-365 nm. Quassin does not fluoresce. 

Treatment with VS reagent needs at least 15min at 110°C to form the violet-coloured 
zone of quassin at R f ~ 0.65 (vis.), which is accompanied by a blue zone directly above. 
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Fig. 9 


T1 


1 


1 


T1 


Fig. 10 
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TLC Synopsis, Drugs with Cucurbitacins 


Drug sample 


Reference 


Solvent system 
Adsorbent 


1 Colocynthidis fmctus (CHC1 3 extract) 

2 Gratiolae herba (CHCl , extract) 

3 Iberidis semen (CHC1 3 extract) 

4 Kcballii fructus (CHCL, extract) 
(extracts* 20-30 pi) 


5 Tayuyae radix (CHCF, extract) 

6 Bryoniae radix (CHCl* extract) 

7 Bryoniae radix (EtOH extract) 

8 Bryoniae radix (water extract) 


T cucurbitacin B-glucoside (jR f ~ 0,22) ► cucurbitacin B (jR f ~~ 0.9) 


Figs. 11, 12 chloroform-metha nol (93:10) 


Silica gel HPTLC plates (Merck, Germany) 10 cm 


Detection Vanillin phosphoric add reagent (VP No. 41) 
A UV-365nm B vis 


Fig. 11 Cucurbitacin drugs 

The CI-ICl, extracts 1-6 show with VS reagent characteristic bright yellow to yellow- 
green and red fluorescent cucurbitacins in U V-365 nm. The glycosides migrate prefer¬ 
ably into the R ( range 0.1 -0.4, the aglycones into the R { range 0.5-0.9. 

Depending on the extraction solvents, either the glucosides or the aglycones are domi¬ 
nant in the extracts, as shown with Bryoniae radix (6-8). 

Gluco sides derived from 23,24-dihydrocucurbitacin show yellow to yellow-green 
fluorescence; those derived from 23-cucurbitacins give red-orange zones. They very 
often appear as pairs with dominant yellow fluorescence. The most common glucosides 
and aglycones are the cucurbitacins E,I,L and B. They are present in varying concentra¬ 
tions in the extacts 1-8: 


Cucurbitacin glucosides 

L R ( - 0.14 
I R f ~ 0.16 
E R f ~ 0.29 
B R ( - 0.29 


Cucurbitacin aglycones 


L jR, — 0,67 
I R t ~ 0,7 
E R f ~ 0.72 
B R ( ~ 0.9 


The total contents of cucurbitacins are generally lower in the extracts 1-4 than in Tayuae 
(5) and Bryoniae radix extracts (6-8). 

Tayuae radix (5) shows predominantly yellow and red-orange fluorescent cucurbitacin 
zones above R { 0.45 with additional blue fluorescent zones of flavonoids in the R ( range 
0.05-0.25. 

Bryoniae radix (6-8) The chloroform extract 6 contains the cucurbitacin aglycones 
and glucosides I,E,L in almost equal concentration. While glucosides dominate in 
the ethanolic extract 7, the water extract 8 contains more aglycones due to preceeded 
enzymatic degradation. 

Note: Sterines also fluoresce red in UV-365 nm with VP reagent. 

Fig. 12 All cucurbitacins are seen with VP reagent as weak yellow-brown and blue violet zones 
(vis.). 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Hg. 13 
A 

u 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig, MA-t; 


Cynarae herba 

1-4 Cynarae herba (freshly prepared or stored methanolk extracts, 20pi) 

Tl cyiutropicrin T2 Tl and degradation products 

T3 luteolin-7-O-glucoside T*J cynarin 

T5 ehlrtpogcfiic acid ( R f — 0.45) ► isochlorogeiiieacid (R, - 0.8) ► caffe ic acid (R, — 0.9) 

Pig. 13 A chloroform-acetone (60:20) —> for bitter principle 

R ethyl acetate-formic acid-glacial acetic acid-water (100:1 L:t 1:26) acids 

A Anisnldehyik sulphuric acid reagent (AS Wo. 3) -> vis 
B Natural produeb-pofyethyiene gjycol reagent (NP/PEG Wo. IS) -> DV-365 nm. 


Freshly prepared and stored alcoholic extracts of Cynarae herba (1-4) can show varying 
TLC pattern of bitter lasting compounds and caffooyl quinic adds, 

Cynarae herba - bitter principles. A freshly prepared mdhanohe extract (1) is character¬ 
ized by the major violet zone of cynaropkrin (R r — lU/Tl). Degradation products are 
formed in alcoholic solutions or during storage process as seen in extract (2) and 
reference compound T2, 

Cynarae herba - phenol carboxylic acids and fluvonnid glycosides. The freshly prepared 
mcthanoUc extract 3 shows with NP/PEG reagent in UV-365 nrn a band oi blue 
fluorescent caffeayl quitlk acids such as chlorogenic acid (R, -«■ 0.45), cynarin (H t — 0.65/ 
T4), isochlorogenic and caffeic acid (R, 0.8-0.9/T5) overlapped by the yellow fluorescent 
(lav on old lutenlin 7-O-glueoside at R, - 0.6 (T3). 

Extract 4 shows less cynarin, due to isomerisation during extraction and in solution. 


Humuli lupuli strobulus 

1 Humuli lupuli strobulus (ether extract) 

2 hlumuli lupuli strobulus (MeOH extract) 

Tl hipulon (R s - 0.25) T2 htttmtlon {R f - 0.5) 

T3 rutin (R E - 0.4) *■ chlorogenic add (R r 0.5} ► hyperoside (R, ” 0.6) 

Pig. I4A-C n-hepian-iaopropanol-formic add (90:15:0,5) 

D ethyl aectate-gUchU acetic add formic acid-water (100:11:1.1:26) 

A UV-365nm (without chemical treatment) 

B UV-254nm (without chemical treatment) 

C Past blue salt (PBS Wo. 3.5) —> vis 

D Natural products-polyethylene glycol reagent {NP/PEG No. 28} —> UV-365 lira 


Humuli lupuli strobulus. Fresh hop extract 1 shows ihe phloroglucine derivatives 
iu pul on (Tl* R ( — 0.25} and humulon (T2, R ( -■ ti.5) with light-bine fluorescence in UV- 
365 nm (A), us strong quenching zones in UV-254nm (B) and as red or orange zones 
after PBS reagent (C). Both compounds are unstable and transformed to “biller acids"* 
then found at lower R, values also a& blue fluorescent* quenching and red-orange zones 
(->Tin*2). 

The mthliaiiolk extract (2) mainly contains the orange fluorescent rutin, hyperoside and 
the blue chlorogenic acid according to the text mixture T3 and nn additional yellow 
green ShivoTuil mo noglycoside at R, 0.7 (NP/PBG reagent UV-365nm). 
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4 Cardiac Glycoside Drugs 


These drugs contain steroid glycosides which specifically affect the dynamics and 
rhythm of the insufficient heart muscle. 

The steroids are structurally derived from the tetracyclic 10,13-dimethyl- 
c yd°peritanoperhydrophenanthrene ring system. They possess a y-lactone ring 
(cardenolid.es) or a 6-lactone ring (bufadienolides) attached in the fl -position at 
C-I7. The typical sugar residues are derived from deoxy and/or C-3-O-methylated 
sugars, and they are linked giycosidically via the C-3-OH group of the steroid 
skeleton. 


4.1 Preparation of Extracts 


A total of 2g (>i% total cardenolides) or 10 g (<0.1% total cardenolides) of powdered 
drug are extracted by heating for 15 min under rellux with 30 ml 50% ethanol, with the 
addition of 10 ml 10% lead-(II)-acetate solution. After cooling and filtration, the solution 
is extracted by shaking with three 15- ml quantities of dichloromethan e/isoprop a nol 
(3:2); shaking must be gentle to avoid emulsion formation. 

The combined lower phases are filtered over anhydrous sodium sulphate and evaporated 
to dryness. The residue is dissolved in 1 ml dichloromethane/isopropanol (3:2) and used 
for chromatography. 

► All cardiac glycoside drugs can be extracted by this method. 

A simplified extraction procedure can be used for Hellebori radix* Xysmalobii radix and 
Strophanthi semen. 

Strophanthi semen; Finely ground seeds (2 g) are defatted by heating for 1 h under reflux 
with light petroleum. The defatted and dried seed powder (1 g) is extracted for 5 min with 
10 ml ethanol at about 60°C The filtrate is used directly for chromatography. 

Hellebori radix, Xysmalobii radix: Powdered drug (1 g) is extracted by heating under 
reflux with 10 ml ethanol for 30 min on a water bath. The filtrate is used directly for 
chromatography. 


4.2 Thin-Layer Chromatography 


Commercial reference compounds: 

A total of 5 mg is dissolved in 2 ml methanol at 60°G: digoxin, digitoxin, Ianatosides 
A,B,G; k-strophanthin, g-strophanthin, uzarin, hellebrin, proscillaridin. 

Convallatoxin: 3 mg is dissolved in i ml 80% ethanol on a water bath. 


General method, 

cardenolide 

extract 


Exception 


Reference 

solutions 
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Gitoxin: 10 mg is dissolved in 3 ml methanol with the addition of 0.01ml pyridine 
at 60°G. 


Standard compounds from proprietary pharmaceuticals: 

• Digitalis glycosides: Ten tablets or dragees (average 0.1-0.25mg per tablet or dragee) 
are powdered in a mortar and then extracted by heating in a flask at 60°C for 5 min 
with 5-15 ml (depending on the weight of powder) dichloromethane/ethanol (1:1), 
The clear filtrate is evaporated to about 2 ml and 20 pi of this solution is used for 
chromatography. 

* Strophanthus glycosides: Ten tablets are powdered and extracted with 10 ml metha¬ 
nol for 5 min on the water bath; 20 pi of each filtrate is used for chromatography. 

• Scilla glycosides: Twenty dragees are powdered and extracted with 10 ml methanol for 
5 min at about 60°C; 20 pi of each clear filtrate is used for chromatography. 

* Uzara glycosides: Five dragees of Uzara (total glycosides of Xysmalobii radix) are 
finely powdered and extracted with 10 ml methanol for 5 min at 60°C; 20 pi of the clear 
filtrate is used for chromatography, Uzara tincture can be used directly for TLC 
comparison. 

Adsorbent Silica gel 60 F 1M -precoated plates {Merck, Germany) 

Sample 30-50 pi drug extracts, depending on the total cardiac glycoside concentration, 
concentration 5 pi reference compound solutions. 

20 pi reference solutions prepared from pharmaceuticals. 


Chromatography Ethyl acetate-methanol-water (100:13.5:10) A (81:11:8) 

solvents a generally applicable solvent system for cardiac glycosides 
Ethyl aeetate-methanol-ethanohwater (81:11:4:8). 

---> the addition of ethanol increases the R ( values of strongly polar compounds, e,g. 
k~strophantoside 

Chloroform-methanol-water (35:25:10) - lower phase. 

—* for Hell ebon radix 


4.3 Detection 


• Without chemical treatment 

UV-254 nrn very weak fluorescence quenching of all cardiac glycosides 
UV-365nm no fluorescence at all 

• Spray reagents (see Appendix A) 

• Specific detection of the y-lactone ring of cardenolides: 

- Kedde reagent (Kedde No. 23) 

immediately on spraying, cardenolides generate a pink or blue-violet (vis) colour. 
The colour fades after a lew minutes, but can be regained by repeated spraying. 
Bufadienolides do not react. 

Remarks: Reagents such as Legal (alkaline sodium nitroprusside solution), Baljet 
(alkaline picric acid solution) or Raymond reagent (alkaline rn-dinitrobenzene 
solution) also give red, red-orange or violet (vis) cardenolide-speoific colours. 
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• General detection methods for cardenoiides and bufadienolides 

- Antimony-(Ill)-chloride reagent (SbCl 3 No. 4) 

A TLC plate (20 X 20 cm) has to be sprayed with a minimum of JO ml SbCl 3 reagent 
and heated at I00°C for about 8-10 min; evaluation is done in vis and UV-365 nm 
(see Table 1). Changes are observed in the fluorescence response if the sprayed 
plate is allowed to stand for a longer time. In visible light, the zones appear mainly 
grey, violet or brown. 

- Chloramine-trichloroacetic acid reagent (CTA No. 9) 

Blue, blue-green, or yellow-green fluorescent zones are observed in UV-365 nm, 
similar to those obtained with SbCl, reagent. Only weak, nonspecific colours are 
seen in visible light. 

- Sulphuric acid reagent (concentrated H 2 SO„ No. 37) 

The TLC plate is sprayed with about 5 ml reagent and then heated for 
1-3 min at 80°C under observation. Blue, brown, green and yellowish fluores¬ 
cent zones are seen in UV-365 nm; the same zones appear brown or blue in 
daylight. 

- Anisaldehyde sulphuric acid reagent (AS No, 3) 

Bnfadienolides in extracts of Hellebori radix, e.g. heliebrin, show a prominent blue 
colour (vis). 

Table 1. Fluorescence of Cardiac Glycosides 


Cardiac glycoside 

Fluorescence in UV-365 nm 

SbCl, reagent 8 min/10 CfC 

1C and g-strophanthidine derivatives 


K-strophantoside, k-strophanthidin-|3, cymarin, 
belvelicoside, erysimoside, g-strophanthin, 
con valla toxin 

orange, pale brown or yellow- 
green 

Digitalis glycosides 


Digitoxin, acetyl digitoxin 
purpurea glycoside A, lanatoside A 
gitoxin, digoxin 

purpurea glycoside B, lanatoside B/C 

dark blue or dark brown 

light blue 

Oleander glycosides 


oleandrin, adynerin 

light blue 

BufadLetiolides 


Proscillaridin, srillaren A, giucoscillaren 
stilliroside, glucoscilliroside 
heliebrin, heileborugenone 

yellow-brown 
pale green 
yellow 
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4.4 Drug List 


Drug/ plant source 
Family/pharmacopoeia 

Fig. 3,4 Digitalis lanatae folium 

White foxglove leaves 

Digitalis lanata EHRH. 
Scrophulariaceae 

DAB 10, OAB 90, MD 

Main constituents 

*)for minor constituents see 4-5 Formulae and Tables 

0.596-1.5% total cardenolides, ~60 glycosides^ 
Lanatosides A and C (-50%) lanatosides B, D, 

E as well as digoxin and digitoxin 

DAB 10: Digitalis lanata powder 
standardized at 0.5% digoxin activity 

Fig, 3,4 Digitalis purpureae folium 

Red foxglove leaves 

Digitalis purpurea L. 
Scrophulariaceae 

DAB 10, CAB, HelvVlI, 

BP 88, USP XX, Japan, 

MD 

0.15%-0.4% total cardenolides, —30 glycosides' 1 
Purpurea glycosides A and B (—60%), digitoxin 
(—12%), gitoxin (-10%) and gitaloxin (-10%) 

DAB 10: Digitalis purpurea powder 
standardized at 1% digitoxin activity 

Fig- 5 Oleandri folium 

Oleander leaves 

Neriura oleander L. 

, Apocynaceae 

DAB 10 

l%-2% total car den elides, —15 glycosides* 5 
Oleandrigenin (16-acetylgitoxigenin): O-L- 
oleandroside (oleandrin), O-glucoside, O-D- 
diginoside (nerigoskle), O-gentiobioside 
(gentiobiosyl oleandrin). Adynerigenin-D-diginoside 
(adynerin) 

Digitoxigenin-D-digitaloside (odoroside H), 
™D“diginoside (odoroside A). Oleagenm-D-diginoside 
(oleaside A), oleasides B-F 
► Flavonoids: c.g. rutin (0.5%) 

Fig. 6 Xysmalobii radix 

Uzara root 

Xysmalobium undulatum 
(L.) R. BROWN 
Asclepidiaceae 

l%-2% total cardenolides 

Glycosides of uzarigenin and xysmalogenin 
(5,6-dehydrodigitoxin); as main compounds 
the diglucosides uzarin and xysmalobin 

Uzarigenin differs from digitoxin by trans 
linkage of rings A and B 

Fig. 7 Strophanthi grati semen 
Strophanthus seeds 
Strophanthus gratus (WALL 
et HOOK) BA1LL. 
Apocytiaceae 

DAC 86, MD 

4%-8% total cardenolides 

90% g-strophanthin (g-strophanthidin - 
rhamnoside), strogoside, small quantities of 
sarmentosides A, D, E 
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Drug/plant source 
Family/pharmacopoeia 

Strophanthi kornbe semen 

Strophanthus seeds 

Strophanthus kombc 

OLIVER 

Apocynaceae 

MD 


Cheiranthi cheirii herb a 
Wallflower, Violier 
Cheiranthus cheiri L. 
Brass kaceae 


Erysimi herb a (►) 

Grey wall-flower 
Erysimum species, e.g. 

E. crepidifolium ROHB. 
E. diiTusum EHRH. 
Brassicaceae (Cruciferae) 


Adonidis herba 
Adonis 

Adonis vernalis L. 
Ranunculaceae 
DAB 10 

DAB 10: Adonis powder 
standardized at 0*2% 
cymarin activity 


Convallariae herba 
Lily of the valley 
Convallaria majalis L. 
Convallariaceae 
DAB 10, CAB 90, MD 

DAB 10: standardized 
at 0*2% convallatoxin 
activity 


Main constituents 

‘Tor minor constituents see 4.5 Formulae and Tables 

5%^1Q% total cardenolides Fig. 7 

k-Strophanthidin-glycosides: 

cristaJline glycoside mixture, “k-strophanthin”: 

80% k-strophanthoside, k-strophanthin-p 
(10%-15%), erysimoside (15%-25%) 

Minor glycosides: cymarin, cymarol, helveticosol, 
periplocymarin, helve tkoside 


0.01%-0.0I5% total cardenolides Fig. 8 

Cheirotoxin (k-strophanthidm-gulomethylosido- 
glucoside); desglucocheirotoxin, cheiroside A 
(uzarigenm-fucosido-glucoside) 


D.2%-1.8% total cardenolides Fig. 8 

depending on species flve to ten glycosides: 

erysimoside (glucohelveficoside) and/or 

helveticoside are always reported 

► A drug derived from various species with an 

enormous variation in cardenolide compounds 


0.25%“G.8% total cardenolides, —20 glycosides ,} Fig. 9,10 

k-Strophanthidin-glycosides: cymarin (0.02%), 
desglucocheirotoxin, k-strophanthin-P, 
k-strophanthoside 

Adonitoxigenin glycosides: adonitoxin (0.07%) 

A-acetyl rhamnoside, A-glucoside, A-xyloside 
p Flavone-C-glycosides: adonivernith, vitexin 


0.2%-0.5% total cardenolides, —40 glycosides’ 1 Fig. 9,10 

k-Strophanthidin-glycosides: convallatoxin, 

convallalloside (4-40%), derglucocheirotoxin 

k-Strophanthidol-glyosides: convaliatoxol, 

convallotoxoloside. Periplogenin and 

sarmentogenin-gluco sides 

Convallatoxin is the main glycoside in drugs of 

western and northern European origin 

(40%-45%). In middle European drugs, 

lokundjoside (bipindogenin-rhamnoside, 

1-25%) predominates 
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Drug/plant source Main constituents 

Family/pbarmacopoeia *Tor minor constituents see 4,5 Formulae and Tables 

Bufadienolides 


Fig. 11,12 Heliebori radix 
Hellebore root 
Helleborus niger L. 
Helleborus viridis L and 
other Helleborus ssp. 
Ranunculaceae 
MD 


The bufadienolide pattern and their amount 
varies, depending on species and drug origin 
Hellebrin as main glycoside, e.g. in H. viridis 
and H. odorus (<0.5%); not always present 
(e.g. H. niger) 


Fig. 13,14 Scillae bulbils 
Squill 

Classified white or red 
Urginea maritima (L.) 

BAKER = Aggregate of six 
species (different polyploidy). 
► BP 88 (new name) Drimia 
maritima (L.) STEARN 
Drimia indica (ROXB) 
Hyacinthaceae (Liliaceae) 


0.1%“2.4% total bufadienolides, —15 glycosides 
White variety: average 0.2%-0.4% 
Proscillaridin, sciHaren A, glucoscillaren 
(aglycone: scillarenin) 

Scilliphacoside, sciliiglaucosidc 
Red variety: <0.1% 

Scilliroside and glucoscilliroside (algycone: 
scillirosidin); proscillaridin and scillaren A 
as in the white variety 

DAB 10: squill powder standardized at 0.2% 
proscillaridin activity 


4.5 Formulae and Tables 


Digitalis lanatae and Digitalis purpureae folium R, R 2 R, 


Cardenolide aglycones 0 



Digitoxigenin H 

Gitoxigenin H 

Digoxigenin H 

Diginatigenin H 

Gitaloxigenin H 


H H 

OH H 

H OH 

OH OH 

O-CHO H 
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Cardenolide 




D. lanata 

D. purpurea 

Digitalinvun verum 

Gl-Dtt 

OH 

H 

X 

X 

Glucogitoroside 

Gl-Dx 

OH 

H 

X 

- 

G1 ucodigifuc oside 

Gl-Fuc- 

H 

H 

X 

- 

Glucoverodoxine 

Gl-Dtl- 

O-CHO 

H 

X 

X 

Glucolanadoxine 

Gl-Dx 

O-CHO 

H 

X 

_ 

Glucoevatromonoside 

Gl-Dx 

H 

H 

X 

- 

Digitoxin 

Dx-Dx-Dx~ 

H 

H 

- 

X 

Gi toxin 

Dx-Dx-Dx- 

OH 

H 

- 

X 

Digoxln 

Dx-Dx-Dx- 

H 

OH 

X 

(X) 

Gitaloxin 

Dx-Dx-Dx- 

O-CHO 

H 

- 

X 

Lanatoside A 

Gl-Acdx-Dx-Dx- 

H 

H 

X 

- 

Lanatoside B 

Gl“Acdx“Dx~Dx~ 

OH 

H 

X 

- 

Lanatoside C 

GL-Acdx-Dx-Dx- 

H 

OH 

X 

- 

Purpureaglycoside A 

GlDxDx-Dx 

H 

H 

- 

X 

Purpureaglycoside B 

Gl-Dx-Dx-Dx- 

OH 

H 

- 

X 

Glucogitaloxin 

Gl-Dx-Dx-Dx- 

O-CHO 

H 

- 

X 


GL — Glucose 

Dll = Digitalose 

Fuc = Fucose 

Dx — Digitoxose 

Acdx - Acetyldigitoxose 



3-Acetyldigitoxose 



OH 


Digitoxose 



(5-D-Glucose 


Digitalose 


Fucose 
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Nerlum oleander 



Oleandrigenin R * OCOCH 3 Adynerigenin 

Dlgitoxigenm R - H 

Gitoxigenin R » OH 



Oleagenin L-Oleandrose 



OH 


D-Diginose 


D-Digitalose 
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Table 1 

Cardiac glycosides 

in Adonidis herba, Cheiranthii herba, 
Strophanthi kombe semen, Erysimi herba 


K, R 2 R, 


OH H CHO Adonidis herba 

k-Strophanthidin (5) Cymarin (S-cyma reside) 

d e sgl ucocheirot oxin (5- gti lo methylosid e) 
k-Strophanthidin-p, k-strophanthoside 

H OH CHO Adonitoxin (A-rhamnoslde), A-2-O-acelybrhamnoside, 

Adonitoxigenin (A) A-3-O-acetylrhamnoside, and glucosides and xylosides. 

H OH GH 2 QH Adonitoxigenol (-rhamnoside). 

OH OH CHO Strophadogenin (-diginoside). 


OH H CHO Cheiranthi cheiri herba 

k-Strophanthidin (S) Cheirotoxin (S-gulomethylosyl-D-glucoside) 
de sgluc ochei rotoxln 


Strophanthi kombe semen 

OH H CHO Cymarin (S-cymaroside), helvetkoside (Sp-D-digit oxide) 
k-Strophanthidin (S) erysimoside (S-digitoxoside-glucoside), k-strophanthin-p, 
k-strophanthoside 


OH H CHO 


k-Strophanthidin 


Erysimum species 

Helvetkoside, erysimoside (see Stroph. Kombe semen) 
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Table 2 

Carden olides in Convaliariae herba 



Aglycone 

(1) Strophanthidin 

(2) Strophanthidol 

(3) Periplogenin 

(4) Bipindogenin 

(5) Sarmentogenin 


R, R 2 R, 

CHO OH H 

CHjOH OH H 

CH, OH H 

CH 3 OH OH 

CH, H OH 


Aglycones 

Glycosides 
+ Rhamnose 

Gluc-Rham 

Gulomethylose 

Allomethylose 

(1) 

Convallotoxin 

4%-40% 

Convalioside Desglucocheirotoxin 
4%-24% 3%-15% 

Strophalloside 

1.2% 

(2) 

Convallatoxol 

10%-20% 


Desglucocheirotoxol Strophanolloside 
2%-5% 2% 

(3) 

Periplorhamnoside 

0.5%-3% 




(4) 

Lokundioside 

1 %-25% 




(5) 

Rhodexin A 

2%-3% 





Cardenolides in Xysmalobii radix 



Uzarigenin R — H 

Uzarin R = Gluc-Gluc 


Xysmalogenin R - H 

Xysmalorin R = Gluc-Gluc 





BufadienoHdes 
Helfebori radix 
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Hellebrin 


Scillae bulbus 

O 


R 2 0 


Scillarenin 

R, 

CH, 

Rz 

H (Aglycon) 

Proscillaridin A 

CHj 

Rham 

Scilliphaeoside 

H 

Rham 

Sail are n A 

CH, 

Glue-Rham 

Glucoscillaren A 

CH, 

Gluc-Gluc-Rham 




Reference 

compound 


Solvent system 
Detection 

Fig- I 


Fig. 2 


no 


4.6 TLC Synopsis of Cardiac Glycosides 


l g-strophanthin 

8 

digoxin 

2 “k-strophanthin* 

9 

gitoxin 

3 convallatoxin 

10 

d igi toxin 

4 cymarin 

11 

cymarol 

5 lanatoside A 

12 

peruvoside 

6 lanatoside B 

13 

oleandrin 

7 lanatoside C 


(1-13, lOpl) 


Fig. 1)2 ethyl acetate-methanol-water (81:11:8) 

Fig. I Kedde reagent (No. 23) —» vis 

Fig. 2 Chloramine-trichloracetic add reagent (CTA No. 9) -> UV-365 nm 


Kedde reagent (vis.) 

immediately after spraying, the cardiac glycosides generate blue to red-violet, fairly 
stable colours (vis.) with the exception of peruvoside. 

Digitalis glycosides 

Their colours are indicative of the structural type: 

digoxin and lanatoside C —:> red-violet 

gitoxin and lanatoside B —> blue-violet 

digitoxin and lanatoside A —> blue 

CTA reagent (UV-365 nm) 

All cardiac glycosides show light blue, blue-green or yellow-green fluorescent zones. 

Strophanthus, Con vail aria and Thevetia glycosides -» blue-green fluorescence 
cymarin, cymarol, convallatoxin, peruvoside, g- and k-strophanthin. 

“k-strophanthin” is a glycoside mixture; for TLC analysis see Fig, 9, 4.7, Cardiac 
Glycoside Drugs. 

Digitalis and Oleander glycosides —> intense light-blue fluorescence 
with the exception of digitoxin, which shows a yellow-green fluorescence. 

After CTA treatment, chromatograms of some standard substances show additional 
zones in UV-365 nm, due to degradation products and impurities. 

Mote: Spraying with concentrated l L I 2 SO^ results in UV-365 nm detection with similar 
fluorescent zones: 1 (yellow) 2, 3, 4, 11 (greenish blue) 5, 6, 7, 8, 9, 10, 12, 13 (blue) 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 3A 


B 


Fig. 4C 
D 


4.7 Chromatograms 
Digitalis folium 

1,1a Digitalis lanatae folium (trade samples) 

2,2a Digitalis purpureae folium (trade samples) 
(cardenolide extracts, 20-40 pi) 

T1 lanatoside C (Tc) T4 gitoxin 

T2 digitoxin Ta lanatoside A 

T3 digoxin Tb lanatoside B 

Figs. 3,4 ethyl acetate-methanol-water (81:11:8) 

Fig. 3 A,B ICedde reagent (No. 23) -» vis 

Fig. 4 C,D SbCl 3 reagent (No. 4) -» C vis D UV-365nm 


Digitalis lanatae folium (1) and 1>. purpureae folium (2) both show their major zones in 
the lower R ( range 0.2-0.4 with seven violet-blue cardenolide zones in 1 and five in 
sample 2. 

Digitalis lanatae folium (1) is characterized by the lanatosides A-C at R ( 0.3-0.4 with 
lanatoside A as the principal cardenolide, followed by smaller quantities of lanatoside B 
and C (Tl) directly below. The cardenolide zone in the R f range 0.2 can be prominent 
(sample 1) or of low concentration (sample la). 

Digitalis purpureae folium (2) is characterized by the major zone of purpurea glycoside 
A with a slightly lower R, value than lanatoside C (Tl). Purpurea glycoside B is found as 
a minor zone directly below purpurea glycoside A, followed by a cardenolide zone at R, 
- 0.2. 

Samples 1 and 2 contain digitoxin (T2) and either traces of gitoxin (T4) or digoxin (T3) 
in the R r range 0.6-0.75. 

In Digitalis extracts, generally lanatoside A or purpurea glycoside A are found as major 
cardenolides, and the lanatoside B/C and purpurea glycoside B in considerably lower 
concentration. Additional cardenolide zones which are detectable in the R f range 0.2- 
0.25 (e.g., glucogitaloxin) can be present in low concentration, as demonstrated with 
samples la and 2a. In this case, zones of more lipophilic cardenolides are seen in the 
upper R. range 0.5-0.8 (la,2a). This can be due to a fermentation process in the plant 
material during storage, The plant enzymes (digilanidase and purpidase) preferentially 
remove the terminal glucose residues. 

In visible light a similar TLC fingerprint (compared with Kedde detection) of corre¬ 
sponding grey to violet-grey cardenolide zones is given. 

Tn UV-365 nin, however, a spectrum of about 20 blue fluorescent zones from R f - 0.05-0.95 
is seen, with a specific dark-blue fluorescence of lanatoside A and purpurea glycoside A. 
Green (vis) or red (UV-365 nm) zones at R, — 0,85 are due to chlorophyll, and yellow 
zones at the solvent front are due to fiavonoids or anthraquinones (e.g. digilutein), which 
to some extent overlay the cardenolide gen ins. 
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Nerii (Oleandri) folium 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 5A,B 


.C 


1 Nerii folium (cardenolide extract, 20|U) 

2 Nerii folium (MeOH extract t g/5ml, 10 pi) 

T1 oleandrin T4 rutin (R r - 0,4) ► chlorogenic acid 

T2 “oleander glycosides” (Rf '"'0.5) ► hyperoside (R t 0.6) —> 

T3 adynerin flavonoid test mixture 

Fig. 5A,R ethyl acetate-methanol-water (81:11:8) 

C ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 


A Kedde reagent (No. 23) -> vis. 

B Chloramine-trichloroacetic acid reagent, (CTA No. 9)^ UV-365 nm 
C Natural products-poly ethylene gly col reagent (NP/PEG No. 28) - > U V-365 nm 


Nerii (oleandri) folium (1). The cardenolides reveal in the R, range OT-O.9 a minimum 
of 13 Kedde positive red-violet zones (vis.) or up to 16 blue fluorescent zones after Cl A 
reagent in UV-365nm, with oleandrin (Tl/R, ~ 0.85) and adynerin (n/R, ~ °- 75 ) a * 
major cardenolides in the upper R, range. The cardenolide zones in the R, range 0.1-0.8 
are due to glycosides of oleandrigenine, digoxigenine and oleagenme, as shown in the 
following table: 


R e 

Rr 

R, 

R + 


- 0.7 

- 0.4 

- 0.35 

- 0.15 


Digitoxigenin: 
odoroside A R r 
odoroside H R r 


- 0,8 

- 0.55 


Oleagenin: 
oleaside A 
ole a side E 


Rr 

Rr 


0.75 

0,1 


Qleandrigenin: 
nerigoside 
glucosyloleandrin 
glucosylnerigoside 
gen tiobiosyl oleandrin 
A characteristically high amount of rutin, chlorogenic acid and traces of other flavonoid 
glycosides (R f - 0.1/0.65) represent the flavonoid phenolcarboxyhc acid pattern ol 
methanolic extract (2). 


Uzarae (Xysmalobii) radix 


D rug sample 


Reference 

compound 


Solvent system 
Detection 


Fig. 6A,B 


C 


1 Xysmalobii radix 

2 Uzara extract (commercially available) (ethanolic extracts, 


30 pi) 


T1 uzar i n T3 uzarigenin T5 xysmalorin 

T2 uzarigenin glucoside T4 lanatoside B (A,C) 

T3 uzarigenin 

Fig. 6 ethyl acetate-methanol-water (81:11:8) 

A,B Chloramine trichloroacetic acid reagent (CTA No. 9) —> UV-365 nm 
C SbCl 3 reagent (No. 4) ---> vis.______ 


Lysmalobii radix (1) and the pharmaceutical preparation 2 show with CTA reagen the 
najor compounds uzarin (Tl) and xysmalorin (T5) in one prominent blue to yellow- 
,lue fluorescent zone at R, 0.1-0.15. followed by seven blue, lower-concentrated zones 
✓irh uxariaenin monoulucoside (T2) at R, - 0.35 and uzarigenin (13) at R, ~ 0.8. 


Treatment with SbCl, reagent reveals mainly the blue-violet (vis) zone of uzarin and 
xysmalorin, with traces of the corresponding monoglucoside in the R, range 0 t e 
lanatoside B test (T4). 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 7 A 


B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 8A 


15 

C 


Strophanthi semen 

1 Strophanthi grati semen 2 Strophanthi kombe semen (ethanolic extracts, 20 pi) 

T1 g-strop hanth in T 4 erysimoside T6 cymarin 

T2 k-strophanthin T5 helveticoside T7 k-strophantoskle 

T3 k-strophanthin-fl 

Fig. 7 ethyl acetate-methanol-water (81:11:8) 

A Kedde reagent (No. 23) —> vis 
B SbCl 3 reagent (No. 4) UV-365nm 


Strophanthi grati semen (1) is characterized by g-strophanthin (Tl.) as the main com¬ 
pound at R r — 0.1, with smaller amounts of sarmentosides at R, 0.25-0.4 and glycosides 
above and below g-strophanthin. Strophanthi ltombd semen (2) contains the “k~ 
strophantin-glycoside mixture”, which consists of k-strophanthoside (R f — 0.05/T7),k- 
Strophanthin |3 (R, ~ 0,25/13) and erysimoside (R f ~ 0.2/T4), They form major bands, 
while helveticoside (R r — 0.55/T5) and cymarin (R r — 0.6/T6) are minor compounds. 

All k-strophanthidin glycosides (T3-T7) fluoresce yellow-brown to white-green in UV. 


Erysimi herba, Cheiranthi herba 

1 Erysimi herba (cardenolide extract, 40 ft!) 

2 Cheiranthi cheiri herba (cardenolide extract, 40 pi) 

3 Cheiranthi cheiri herba (methanol extract I g/10 ml, 10 pi) 

Tl convallatoxin T3 rutin (R r — 0.4) ► chlorogenic acid (R f — 0.5) ► 

T2 “k-strophanthin” hyperoside (R f — 0.55) 

Fig. 8A,B ethyl acetate-methanol-water (81; 11:8) 

C ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

A Kedde reagent (No. 23) —> vis 
B SbCf, reagent (No.4) -» UV-365 nm 

C Natural products-polyethylene glycol reagent (NP/PEG No. 28) —> UV-365 nm 


Erysimi herba (1) and Cheiranthi herba (2) both show k-strophanthidin glycosides as 
major cardenolldes, seen as violet-red zone.s (vis) in the R r range 0.15-0.5. 

Erysimi herba (1) has two cardenolide glycoside zones above and two zones below test 
Tl with e.g. erysimoside (R,0.2) and helveticoside (R r ~ 0.5). 

Cheiranthi herba (2) develops one zone above and three to four zones below the R r range 
of the convallatoxin test Tl, e.g. cheirotoxin, desglucocheirotoxin and cheiroside A. 

In UV-365 nm (SbCl 3 reagent) a band of white-blue and yellow-brown fluorescent zones 
appears in (2) from the start to the front, with prominent zones in the R f range 0.55^0.6 
(e.g. cymarin) and R, — 0.7 up to the solvent front. The light-yellow zones of the lower R f 
range are due to quercetin and kaempferol glycosides. 

The separation in solvent system C and detection with NP/PEG reagent: reveals three 
yellow-orange fluorescent flavonoids at R, 0.2-0.45, with quercetin-3-Q-rhamnosyl- 
arabinoside and kaempferol-3-0-robinosyl-7-rhaninoside as major zones. 
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Adonidis herba, Convallariae herba 


Drug sample l Adonidis herba 

(cardenolide extract, 40 pi) 
2 Convallariae herba 
(cardenolide extract, 50ji.il) 

Reference T1 a d on i toxin 
compound T2 convallatoxin 


la Adonidis herba 

(MeOH extract lg/i0ml> .10 pi) 

2a Convallariae herba 

CMeOH extract lg/10 ml, 10 |il) 

T3 rutin (R f — 0.4)►chlorogenic add (R f ~ 0.5) 

► hyperoside (R f 0.6) ► isochlorogenic acid 


Solvent system Fig. 9 A, Fig. 10C,D ethyl acetate-methanol-water (100:13.5:10) -4 cardenolides 

Fig. 915 ethyl acetate-glacial acetic acid-formic acid-water (100:11:1.1:26) -4 flavonoids 

Detection A Kedde reagent (No. 23) —> vis. 

B Natural products-polyethylene glycol reagent {NP/PEG No,2S) ~4 UV-365nm 
C SbCl 3 reagent (No. 4) —> vis 
D SbCl, reagent (No. 4) -4 UV-365 run 


Fig. 9A (Kedde, vis) -4 Cardenolides 

Adonidis herba (1). The major cardenolides such as desglucocheirotoxin, 
adonitoxigenin-rhamnoside (adonitoxin/Tl), as well as its xyloside and glucoside, are 
found as violet-red zones in the R f range 0.4-0.55, while cymarin migrates to R r — 0.6. 
Convallariae herba (2) shows only two weak violet zones in the R, range of the 
convallatoxin test T2. All the other cardenolide glycosides (—20) which are reported for 
Adonidis and Convallariae herba are hardly detectable because of their low concentra¬ 
tions (see detection C and D). 

B (NP/PEG reagent UV-365 nm) -4 Flavonoids 

The methanolic extract of Adonidis herba (la) has a characteristically high amount of 
the C-glycosylflavone adonivermth (R f — 0.4), which is accompanied by two minor 
flavonoid glycosides at R { — 0.35 and 0.45. 

The flavonoid content of the methanolic extract of Convallariae herba (2a) is low. 
Undefined yellow-green flavonoid glycoside zones in the R f range 0.25-0.45, blue 
fluorescent phenol carboxylic acids and red chlorophyll zones (front) are detectable. 

Fig. io CSbCl. v reagent vis/UV-365nm) Cardenolides 

C,D Besides cardenolides zones (R^ 0.4-0.6), Adonidis herba (1) generates various other 
compounds reacting to SbCl 3 with intense dark-blue colours (vis.) and as dark, almost 
black zones in UV-365 nm. The cardenolides are seen as grey-blue or brown-green zones 
(vis) and as intense light-blue fluorescent zones (UV«365nm), mainly in the R t range 
0.45-0.75. 

Convallariae herba (2) shows weak grey zones in the R t range 0.25-0.95 (vis), whereas in 
UV-365nm a band of green to brown zones appears in the R f range 0.25-0.95. 
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Helleborus species 


Radix sample 1 Helleborus purpurascens 

2 Helleborus dumetorum 

3 Helleborus atroruhens 

4,5 Helleborus odorus (different origin) 

Reference T1 hellebrin 

compound T2 helieborogenone 


6 Hdlebori nigri radix-trade 
sample (A H.istriacus) 

7 Helleborus macranthus 
(1-7 ELOH-extracts, 30 pi) 


Solvent system Fig. 11 ethyl acetate-methanol-water (81:11:8) system A 

Fig. 12 chloroform-methanol-water (35:25:10) —> lower phase, system B 


Detection Anisaldehyde sulphuric acid reagent (AS No, 3) -> vis 


Ftg. 11 The Helleborus species (1-7) are generally characterized in the solvent system A by two 
dark-blue zones at R r ~ 0.2 and R { ~ 0.4, yellow zones in the Rf range 0.05-0.35 and 
violet-blue zones at R f — 0.9. The qualitative and quantitative distribution of the zones 
varies. The detection with the AS reagent reveals the blue zone of hellebrin at R f — 0.2 
(Tl) and an additional blue zone at R f ~ 0.4 (see Fig. 12). 

High concentration of hellebrin could be observed in the samples of H. purpurascens, H. 
dumentorum, H. atroruhens and H. macranthus (I>2,3,7) and in lower concentration in 
H. odoratus (4,5), while in “Hellebori radix” trade sample 6 hellebrin is absent. 

The bufadienolide aglycone helleborogenone is found at R f 0.8 (e.g, sample 7) as a grey 
zone, followed by mainly deep-purple zones (e.g. hellebrigenin). 

The prominent yellow zones at R f — 0,3 (e.g, samples 2-5) and weaker yellow bands in 
the R, range 0.05-0,25 are due to saponin glycosides derived e.g. from the sapogenine 
spirostan-5,25 (27) dien-1 p,3p,l 1 a-trioL 

Fig. 12 The TLC run of Helleborus extracts 1-7 in solvent system 13 results in higher R r values 
for hellebrin (R f — 0.4/T1) and separates the blue zone of system A (R f — 0.4) into 
two blue zones with R f 0.5-0.55 due to desglucoheUebrin and p-ecdysone/5-ot- 
hydroxyecdysone. Additional yellow zones of saponin glycosides in the R r range 0.05- 
0.25 are detectable. A higher R f value (R, — 0,45-0.5) for the yellow saponine zones of 
system A (R, — 0.25-0.3) is achieved, Spirostan-5,25(27) dien-1 ( 3 , 3 ( 3 , lla~triol glycosides 
are not present in H. purpurascens (1), instead dracoside A, a saponin glycoside derived 
from spiro$tan-5,25(27) dien-i ( 3 , 3 ( 5 , 23,24-tetrol (Dracogenin), is seen in the low R f 
range. 

Remark: Hellebrin* hut none of the saponins, has a medium fluorescence quenching in 
UV-254 nm. 
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Stfllae bulbus 


Drug samples 


1 Scillae bulbus (red variety; trade sample) 

2 Scillae bulbus (red variety; commercial extract) 

3 Scillae bulbus (white variety; trade sample) 

4 Scillae bulbus (white variety; trade sample) 

5 Scillae bulbus (white variety; commercial extract) 
(Bufadienolid extracts, 30pi) 


Reference T proscillaridin 


Solvent system Fig. 13,14 ethyl acetate-methanol-water (81; 11:8) 


Detection Fig, 13 SbCl, reagent (No. 3) —> vis 

Fig. 14 SbCl 3 reagent (No. 3) > UV 365 nm 


Fig. 13 vis 

Scilla extracts are characterised by predominantly blue bufadienolide zones. The contri¬ 
bution and amount of bufadienolides vary according to the classification of white or red 
squill variety of Urginea maritima (Drimia maritima). 

The extracts of the red variety only show weak blue bands with proseillaridin (R, ~ 0.6/ 
T) and scilla ren A (R, — 0.4). The zone of scilliroside is seen as a weak green-yellow zone 
directly below the blue scillaren A zone (1,2). 

In the white squill extract (sample 3,4) the highly concentrated zone of proscillaridin is 
found at R f ~ 0.6, whereas in extract 5 the scillaren A zone at R r — 0.4 predominates. 

Fig. 14 UV-365 nm 

All Scilla extracts show a variety of intense, light-yellow, yellow-brown, green or light- 
blue to almost white fluorescent zones. 

The extracts 1,3 and 4 have major compounds in the upper R, range, while the extracts 
3 and 5 show those in the R, range 0.2-0.6. 

Scillae bulbus var. rubra (1,2). In both extracts ten to 12 intense yellow-green or blue 
fluorescent zones are found in varying concentrations in the R r range 0.35-0.95. 
Besides prOvSeillaridin (R f — 0.6/a) and scillaren A (R f — 0.45/b), the bufadienolid agly- 
cone scillirosidin (R f — 0.8), its monoglycoside scilliroside (R f — 0.4/c) and the 
diglycoside glucoscilliroside (R f ~ 0.2) are characteristic compounds for red squill. 
Sdlliroridin is more highly concentrated in 1; glucoscilliroside is present in 2 only. 

Scillae bulbus var. alba (3-5). The white squill samples (3,4) contain predominantly 
proscillaridin, seen as a major light-brown fluorescent zone at R r — 0.6 (T/a). The 
glycoside scillaren A (R f — 0.4/b) dominates the standardized commercial extract 5. 
Three additional cardenolide zones (e.g. glucoscillaren R f — 0.2) are detectable as yellow- 
brown fluorescent zones. Scillirosidin glycosides are absent in white squill. 

Remark ; The bufadienolid glycosides found in the lower R f range are easily cleaved 
during storage into bufadienolides with fewer sugar moities (e.g. proscillaridin). 
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5 Coumarin Drugs 


The active principles of there drugs are benzo-a-pyrones, which are further classified as: 

* Non-condensed coumarins 

substituted with OH or OCH 3 at positions C-6 and C-7, less common at C-5 and C-8, 
e.g. umbelliferon (7-hydroxy-coumari.n in Angelicae radix, Heraciei radix), scopoletin 
(6-methoxy-7-hydroxy-coumarin in Scopoliae radix), fraxin, isofraxidin and fraxetin 
(Fraxini cortex) and herniarin (Hemiariae herb a) 

* C-prenylated coumarins 

e.g. rutamarin (Rutae herba), umbelliprenin (Angelicae radix), osfruthin 
(Imperatoriae radix) 

* Furanocou marina 

an additional furan ring is fused at C-6 and C-7 (psoralen-type) or C-7 and C-8 
(angelicin-type). 

e.g. imperatorin, bergapten, angelidn (Angelicae, Imperatoriae, Pimpinellae radix) 
xanthotoxin (Ammi majoris fructus), psoralen (Rutae herba) 

* Pyranocoumarins 

an additional pyran ring is fused at C-7 and C-8 (seselin-type) 
e.g. visnadin, samidin (Ammi majoris fructus) 

* Dimeric coumarins 

e.g. daphnoretin (Daphne mezerei cortex) 


5.1 Preparation of Extracts 


Powdered drug (lg) is extracted with 10ml methanol for 30 min under reflux on 
the water bath. The filtrate is evaporated to about lml, and 20pi is used for TLC 
investigation. 


General 

method 

methanolic 

extract 
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5.2 Thin-Layer Chromatography 

Reference solutions Coumarins are prepared as 0.1% methanolle solutions; 5-1 Opl is used for TLC. 

Adsorbent Silica gel 60 F,*,-precoated TLC plates (Merck, Germany) 

Chromatography • Toluene-ether (1:1, saturated with 10% acetic acid) ► coumarin aglycones 

solvent Toluene (50ml) and ether (50ml) are shaken for 5min with 50ml 10% acetic acid in a 
separating funnel. The lower phase is discarded, and the saturated toluene-ether mixture 
is used for TLC, 

• Ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) > for glycosides 


5.3 Detection 

* UV-254 rim distinct, fluorescence quenching of all coumarins. 

* UV-365 nm intense blue or blue-green fluorescence (simple coumarins) yellow, 

brown, blue or blue-green fluorescence (furano- and pyranocoumarins). 

The non-substituted coumarin fluoresces yellow-green in UV-365 nm only after treat¬ 
ment with KOH- reagent or ammonia vapour. 

Chromones show less intense fluorescence, e.g. visnagin (pale blue), khellin 
(yellow-brown). 

* Spray reagents (see Appendix A) 

- Potassium hydroxide (KOH No. 35) 

The fluorescence of the coumarins are intensified by spraying with 5%—1.0% 
ethanolic KOH. Concentrated ammonia vapour has the same effect. 

- Natural poducts-polyethylene glycol reagent (NP/PHG No. 28) 

This reagent intensifies and stabilizes the existing fluorescence of the coumarins. 
Phenol carboxylic acids fluoresce blue or blue-green (e.g. chlorogenic or caffe ic 
acid) 


5.4 Drug List 


Drug/plant source Main constituents 

Family/pharmacopoeia (see 5,5 Formulae) 

Drugs with simple coumarins 


Fig, 1,2 Asperulae herba Unsubstituted coumarin (0.1 %~0.3%) 

Woodruff umbelliferone, scopoletin 

Galium odoratum (L.) SCOP. Flavonoid glycosides e.g. rutin; 
Rubiaceae chlorogenic and caffeic acid. 
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Drug/plant source 
Family/pharmacopoeia 

Meliloti herba 
Tail tneiilot 

Mdilotus officinalis (L.) 

M. altissima THUTL 

Fabaceae 

DAC 86 

Toncae semen 
Tonca beans 

Dipteryx odorata WILLI). 
Fabaceae 

Abrotani herba 
Southernwood 
Artemisia abrotanum L. 
Asteraceae BHP 83 

Fabianae herba 
Pichi-Pichi 

Fabiana imbricata RUIZ, et 
PAV. 

Solanaceae 

Fraxini cortex 
Ash bark 

F rax in us excelsior L. 

F rax in us ornus L 
Oleaceae 
MD, China 

Mezerei cortex 
Mezereon bark 
Daphne mezereuin L. 
Thymelaeaceae 


Main constitu'tents 
(see 5.5 Formulae) 

Unsubstituted coumarin (f).2%-0.45%) > 
melilotosi.de, umbelliferone, scopoletin 

► Flavonoids: quercetin, kaempferol biosides 
and triosides 

► Caffeic acid and derivatives 


Unsubstituted coumarin (2%-3%) 
umbelliferone 


Coumarins: umbelliferone, isofraxidin, 
scopoletin and -7-0-glucoside 

► Flavonoids: quercetin glycosides, e.g. rutin 

► Chlorogenic and isochlorogenic acids 

Coumarins: scopoletin and its -7-0- 
primveroside {— fabiatrin), isofraxidin and 
its 7-0-glucoside 

► Flavonoids: rutin, quercetin-3-O-glucoside 

► Chlorogenic and isochlorogenic acids 

Coumarins; fraxidin (—0.06%), isofraxidin 
(—0.01%), fraxetin, fraxin (fraxetin- 
giucoside), fraxinoJ (—0,05%) 


Coumarins: daphnetin, daphnin (7,8- 
di,hydroxy-coumarin-7-0~glucoside), 
umbelliferone and derivatives (triumbellin), 
scopoletin (traces) 


Drugs from the family Solanaceae 

All drugs contain the same coumarins and alkaloids, but differ in concentrations 


Scopoliae radix 
Scopolia rhizome 
Scopolia carniolica L 


Coumarins: scopoletin, and -7-O-glucoside 
Alkaloids: hyoscyamine (see Fig. 27,28; Chap, 1 
Alkaloid Drugs) 


Bdladonnae radix 
Belladonna root 
Atropa belladonna L. 
DAB 10, MD 


Coumarins: scopoletin, and -7-O-glucoside 
Alkaloids: hyoscyamine, scopolamine 
(see Fig. 27,28, Chap. 1 Alkaloid Drugs) 


Fig. 1,2 


Fig, 4 


Fig. 4 


Fig. 5,6 


Fig. 5,6 


Fig. 7 
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Fig. 8 


Fig. 9-12 


Fig. 9-12 


Fig. 9-12 


Drug/plant source Main constitutents 

Family/pharmacopoeia (see 5.5 Formulae) 


Mandragorae radix 

Mandrake 

Mandragora officinarum L. 
M. autumnalis BERTOL. 


Coumarins: scopoletin, and 7-O-glucoside 
Alkaloids: hyoscyamine, scopolamine 
(see Fig. 27,28, Chap. I Alkaloid Drugs) 


Drugs from Apiaceae 


Ammi majoris fructus 
Amnii fruit 
Ammi majus L. 

Apiaceae, MD 

Ammi visnagae fructus 
Ammeos visnagae fructus 
Ammi visnaga fruits 
Ammi visnaga (L.) LAM. 
Apiaceae 
DAB 10, MD 

Angelicae radix 

Angelica root 

Angelica archangelica L. ssp. 
Angelica var. saliva R1KLI 
DAC 86, OAB 90, MD 
Ghina/Japan: different 
Angelica species 
Apiaceae 

Angelicae silvestris radix 
Wild angelica 
Angelica silvestris L. 
Apiaceae 

Imperatoriae radix 
Masterwort 

Peucedanum ostruthium L. 
Apiaceae 


Levistici radix 

Lovage 

Levisticum officinale KOCH 
Apiaceae 

DAC 86, OAB, Helv. Vll 


Furanocoumarins (fc): 

bergapten (5-methoxy 2',3':7,6-fc), 

imperatorin 

xanthotoxin (8-methoxy-2',3':7,6~fc) 

Coumarins of the visnagan group 
samidin, dihydrosamtdin and visnadin 
Furanochromon.es (2%—4%): 
khellin (G.3%-1%), visnagin, khellinol, 
khellol, khellol glucoside, ammiol 


Furanocoumarins (fc): angelicin (2\3':7,8~fc), 
bergapten (5-methoxy 2\3':7>6-fc), 
imperatorin, oxypeucedanin hydrate, 
xanthotoxin (8~methoxy-2',3' :7,6"fc) 
xanthotoxol (8-oxy-2',3':7,6-fc) 

Coumarins: umbelliferone, umbelliprenin, 
osthenol (7-oxy-8-(8,8~di-methylallyl)~ 
couniarin) 

Counts as adulterant of Angelica archangdica: 
isoimperatorin (5~oxy- (y-y-di -methyl-allyl- 
2',3':7,6-fc)), oxypeucedamn-hydrate, 
umbelliferone 

Furanocoumarins: oxypeucedanin and its 
hydrate, imperatorin, isoimperatorin; 
ostrutbol (angelic acid ester of oxypeucedanin 
hydrate); ostruthin (6~(3-methyl-6«dimethyl- 
2,5-hexene)-7-oxycoumarin) 

Coumarins: bergapten, umbelliferone 
generally lower coumarin content than 
Angelicae and Imperatoriae radix 
Phtalide: 3-butylidenephtalide (ligusticum- 
lacton) 
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Drug/plant source 
Family/pharmacopoeia 

Main constitutents 
{see 5.5 Formulae) 

Pimpinellae radix 

Burnet root 

Pimpinella major (L.) HUDS 
Pimpinelia saxifraga L. 
Apiaceae 

Furanocoumarms (fc) 0.07%: sphondin, 
bergapten, isobergapten, pimpinellin, 
isopimpinellin 

Coumarins: umbelliferone, scopoletin 
Umbelliprenin, xanthotoxin (P. saxifraga) 

Angelic in, isooxypeucedanin (P. major) 

Pastinacae radix 

Adulterant' 

Pastinaca sativa L. 

Apiaceae 

Low furanocoumarin content: 
bergapten, imperatorin, isopimpinellin, 
xanthotoxin 

Heradei radix 

Hogweed root 

Heracleum sphondylium L. 
Apiaceae 

Furanocoumarms (1.0%): sphondin, isopimpinellin, 
pimpinellin, bergapten, isobergapten 

Umbelliferone, umbelliprenin, scopoletin 

Drugs with coumarins and other constituents as major compounds 

Rutae herba 

Rue 

Rut a graveolens L. 

Rutaceae 

DAC‘86, MD 

Coumarins; scopoletin, umbelliferone, 
bergapten, isoimperatorin, psoralen, 
xanthotoxin, rutacultin, rutamarin, 
daphnoretin, daphnorelin methyl ether 

► Flavonol glycoside rutin 

► Alkaloids: y-fagarine, kokusagenine 
(furanoqui noline-type) 

Herniariae herba 

Rupturewort 

Heraiaria glabra L. 

Herniaria hirsuta L. 
Caryophyllaceae 

DAC 86, 6AB, MD 

Coumarins: herniarin, umbelliferone 

► Flavonol glycosides: rutin, narcissin 

► Saponins: Herniaria saponins I/II (aglycone 
medicagenic, 16-hydroxymedicagenic acid) 


Fig. 11-12 


Fig. 11,32 


Fig* 33,14 


Fig* 15,36 
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5.5 Formulae 
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7,8-Furanocoumarins R, 
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Drug sample 

Reference 
campon nd 

Solvent system 
Detection 

Fig, 1A 

B 

Fig. 2A 


5.6 Chromatograms 


Asperulae, Meliloti herba; Toncae semen 

1 Meliloti herba (ethyl acetate extract/chlorophyll free, 20[,il) 
la Meliloti herba (methanolic extract t g/lOml, 20pi) 

2 Asperulae herba (ethyl acetate extract/chlorophyll free, 20pi) 

2a Asperulae herba (methanolic extract 1 g/lOml, 20pi) 

3 Toncae semen (methanolic extract 0.5 g/10 ml20 pi) 

TT scopoletin T3 umbelliferone 

T2 coumarin 

Fig. 1 toluene-ether (l;l/saturated with 10% acetic acid) -> aglycones 

Fig. 2 ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) —> glycosides 

Fig. 1 A UV-254 nm (without chemical treatment) 

B 5% ethanolic KOH reagent (No. 35) —> UV-365 nm 
Fig. 2 A UV-254 nm (without chemical treatment) 

B Natural products-polyethylene glycol reagent (NP/PBG No. 28) —» UV-365 nm 


Methanolic extracts of Meliloti herba (1), Asperulae herba (2) and Toncae semen (3) 
contain the unsubstituted coumarin (T2), which is seen a v s a prominent quenching /.one 
atR,~0.6 (UV-254 nm). 

In UV-365 nm, the unsubstituted coumarin, in contrast to coumarins with -OH, -OCR, 
substituents or furano- or pyrano-coumarins, shows a typical green-blue fluorescence 
only after treatment with KOH reagent. Scopoletin (Tl) and umbelliferone (T3) are 
present in low concentrations only, seen as blue fluorescent zones at R r 0.25 and 0,4, 
respectively (1-3). 

Meliloti herba (1,1a) and Asperulae herba (2,2a) show prominent quenching zones of 
flavonoid glycosides and caffeic acid derivatives in different patterns and amounts. The 
coumarins (T1-T3), flavonoid aglycones and caffeic acid migrate almost up to the 
solvent front, Flavonoid glycosides and chlorogenic acid are found from R ( ~ 0.05 to 0.5. 
Extracts of Meliloti herba (1,1a) show mainly one prominent zone at R f ~ 0.5, while 
Asperulae herba (2,2a) has four almost equally concentrated zones in the R f range 
0.25-0.5. 

Treatment with the NP/PBG reagent reveals bright orange-red, yellow-green and blue 
fluorescent zones in U'V-365 nm. 

Meliloti herba (1,1a) has a characteristic TLC pattern of quercetin and kaempfero! 
biosides and triosides in the lower R, range, seen as three pairs of red-orange and yellow- 
green fluorescent zones at R f 0.05-0.4, as well as a weak blue fluorescent zone at R, ~ 0.45 
and 0,8. In extracts of Asperulae herba (2,2a) blue fluorescent caffeic acid derivatives, 
e.g. chlorogenic acid (R r — 0,45), isochlorogenic acids (R ( 0.7-0.8), caffeic adds (R t 0.9) 
dominate. A prominent orange-green flavonoid trioside at R f — 0.05 and rutin at R ( ~ 
0.35 are detectable. Red-orange fluorescent zones (la, 2a) at the solvent front are due to 
chlorophyll compounds. 
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Standard 

Solvent system 
Detection 

1 % 3 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 4A 

B 

C 


Coumarins - Chromatographic Standards 

1 daphnoretin 4 umbelliferone 7 imperatorin 

2 scopoletin 5 herniarin 8 ferulic acid ' 

3 isofraxidin 6 xantho toxin 9 caffeic acid 1 

(methanolic solutions, 5-10 pi) 

Fig. 3 toluene-ether (hl/saturated with 10% acetic acid) 
UV-365 nm (without chemical treatment) 


10 isopimpinellin 

11 isobergapten 

12 oxypeucedanin 


Characteristic fluorescence of coumatins in UV-365 nm; 
bright blue: daphnoretin, scopoletin, isofraxidin, umbelliferone 

blue-green; xanthotoxin, isobergapten, oxypeucedanin 

yellow-green; isopimpinellin 
violet-blue: herniarin 


* Remark: Coumarin drugs often contain phenol carboxylic acids, e.g. ferulic add and 
caffeic acid, which also show blue fluorescence 


Abrotani herba, Fabiani herba 

1 Abrotani herba 2 Fabiani herba (- Pichi-Pichi) 

(methanolic extracts, 20 |d) 

T1 chlorogenic acid (R f 0.45) 

T2 rutin (R f 0.4) ► chlorogenic acid ► hyperoside (R r 0.55) ► isochlorogenic acid 

Fig. 4 ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 

A UV-365 nm (without chemical treatment) 

B Potassium hydroxide reagent (KOH No. 35) —■» UV-365 nm 
C Natural products-polyethylene glycol reagent (NP/PBG No. 28) —> UV-365 nm 

The methanolic extracts of Abrotani herba (1) and Fabiani herba (2) are characterized 
by the prominent blue fluorescent coumarin aglycone zone at R r ~ 0.95 (scopoletin, 
isofraxidin and umbelliferone). They are differentiated by the violet-blue fluorescent 
isofraxidin-7-0 and scopoletin-7-O-glucosides in the range of 0.4-0.45 and an additional 
zone at R r 0,7 in sample 1 and the scopoletin-7-O-primveroside at R f 0.15 in extract 2. 

The coumarin-7-O-glucosides of Abrotani herba (1) are seen with KOH reagent as two 
fluorescent zones at R, 0.4-0.45. The aglycones at R, — 0.95 become bright blue. 

Treatment with the NP-PEG reagent shows in Abrotani herba (1) a broad band of intense 
bluish-white fluorescent zones of coumarins and phenolcarboxylic acids in the R, range 
0.35 up to the solvent front, which overlay the orange fluorescent flavonoid gly¬ 
cosides (R f 0.4 (rutin), R r 0.6-0.65 e.g. hyperosid, isoquercitrin) and the coumarin-7-O- 
gluco sides. 

The caffeic add derivatives with chlorogenic acid at R f ~~ 0.45 (Tl) and isochlorogenic 
acids at R r 0.7-0.8 are more concentrated in Abrotani herba (1) than in Fabiani herba (2). 
The later shows rutin at R, ~ 0.4 as a prominent orange zone and the violet-blue zone of 
scopoletin-7-O-primveroside at R, - 0,15. Blue coumarin and orange fluorescent 
flavonoid aglycones move with the solvent front. 
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Fig. 3 


Fig. 4 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 


Fig. 5 
A 


B 


Fig. 6 
R 


Fraxini cortex, Mezerei cortex 

1 Mezerei cortex 

2 Fraxini cortex 
(methanolic extracts, 20 pi) 

T1 daphnetin T3 fraxetin 

T2 fraxin T4 scopoletin 

Fig. 5 toluene-ether (1; l/saturated with 10% acetic acid) -* system 1 (aglycones) 

Fig. 6 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) -> system 2 
(glycosides, polar compounds) 

A UV-365 nm (without chemical treatment) 

13 Natural products-polyethylene glycol reagent (NP/PEG No. 28) UV-365 nm 

C 10% ethanolic KOH (No. 35) -> UV-365 nm 


Solvent system 1 for aglycones 

Mezerei cortex (1). In UV-365 nm, two prominent and two minor blue fluorescent 
coumarin zones are found in the R ( ranges 0.1-0.25 and 0.45-0.65, respectively. 

Fraxini cortex (2) has two prominent blue fluorescent coumarin aglycones such as 
fraxidin, fraxinol and isofraxidin in the R f range 0.1-0.25, directly below the scopoletin 
test T4. 

Mezerei cortex (1), In addition to four bright-blue fluorescent coumarin zones, treat¬ 
ment with NP/PEG reagent reveals the yellow-brown zone of daphnetin at R f — 0.3 (11). 
Fraxini cortex (2). The NP/PEG reagent intensifies the fluorescence of the zones from the 
start up to R f ~ 0.25 and shows the additional yellow-brown fraxetin (13) at R s ~ 0.05. 
The glucoside fraxin (T2) remains at the start. 

Solvent system 2 for glycosides 

(NP-PEG reagent, UV-365 nm). The characteristically polar compound in Mezerei cor¬ 
tex (I) is triumbel]in seen as a prominent blue zone at R, - 0.55 as well as live to six weak 
blue-violet fluorescent umbelliferone derivatives in the R r range 0.2-0.4. The yellow- 
brown zone of daphnetin (Tl) moves up to the solvent front. 

The coumarin glycosides of Fraxini cortex (2) are detected, with NP/PEG reagent as four 
to five intense, bright-blue fluorescent zones (UV-365 nm) in the R f range 0.35-0.75, such 
as fraxin (R f - 0.25/T2), and the coumarin aglycones at R r 0.8-0.95 with fraxetin (yellow/ 
R r — 0.8, T3), isofraxidin and scopoletin (blue/R f 0.8-0.95, T4). 

With KOH reagent all coumarins of Fraxini sample 2 show a blue to violet-blue 
fluorescence in UV-365 nm. 
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1 T1 2 T3 T2 2 T4 T3 


Fig. 6 
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Drug sample 

Reference 
Solvent system 

Detection 

Description 

Fig. 7 A 
B 

C 


Drug sample 

Reference 
Solvent system 
Detection 


Pi& 8 

A, B 

C 


Scopoliae, Belladonnae, Mandragorae radix 

] Scopoliae radix 3 Mandragorae radix 

2 Belladonnae radix (methanolic extracts, 20|il) 

T1 scopoletin T2 chlorogenic acid 

A toluene-ether (1:1/saturated with 10% acetic acid) —> system A 

B,C ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) —> system B 

A,C 10% ethanolic KOH reagent (No. 35) —» UV-365 nm 
B UV-365 nm (without chemical treatment) 


The Solanaceae root extracts (1-3) are characterized not only by the alkaloids hyos- 
cyamine and scopolamine (see Chapter 1 } Pigs. 27, 28), but also by the coumarins 
scop ole tin (Tl) and the scopoletin-7-Oglucoside (“scopolin”). The alkaloid content 
dominates in Belladonnae radix, while Scopoliae radix has a high coumarin content. 

In. the non-polar solvent system A scopoletin (Tl) migrates to R r ~ 0.3, while its gluco- 
side scopolin remains at the start. 

In the polar system B scopoletin moves almost with the solvent front (R, ~ 0.95). The 
scopoletin glucoside is found at — 0.4 directly below chlorogenic acid (T2/R f ~ 0.45). 
Scopoliae radix (1) shows live to six blue fluorescent zones from the start up to R f 0.5. 
Similar, but less concentrated zones are found in Belladonnae (2) and Mandragorae 
radix (3) extracts. 

Treatment with KOH reagent intensifies the fluorescence of the coumarins such as 
scopoletin at the solvent front and scopoletin-7-O-glucoside at R r — 0.45. 


Ammi fructus 

1 Ammi visnagae fructus 

2 Ammi majoris fructus (methanolic extracts, 20 pi) 

Tl khellin T2 visnagin 

Fig. 8 toluene-ether (1:1/saturated with 10% acetic acid) 

A UV-254nm (without chemical treatment) 

B .10% ethanolic KOH reagent (No. 35) -> UV-365 nm 

C Natural products-polyethylene glycol reagent (NP/PEG No. 28) —> UV-365 nm 


Ammi visnagae fructus (1) is identified by the .furanochromones khellin (Tl) and 
visnagin (T2), which are found at R f 0.2-0.25 as prominent quenching zones (UV-254 nm 
—> A) and as brown (Tl) and blue (T2) fluorescent zones in UV-365 nm Four 

additional, blue-white fluorescent zones {e.g. furanoeoumarins) are detectable between 
R, 0.4 and R t 0.55. 

Ammi majoris fructus (2) is characterized by furanoeoumarins, seen as ten to 12 blue 
fluorescent zones between the start and R ( — 0.65, with prominent zones in the lower R r 
range. Bergapten, xanthotoxin (e.g. scopoletin) and imperatorin move into the R, range 
0.45-0.55, and visnadin to R, 0.6. Ammi visnagae fructus (I) shows from the start up to 
R f — 0.6 white-blue zones (e.g. visnagin, T2). 
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TLC Synopsis of Apfaceae Roots, Furanocoumarins (FC) 


Drug sample 


Reference 

compound 

Solvent system 
Detection 


Description 


Fig, 9A 


B 


Fig. 10B 


1 Angelicae radix 3 Levistici radix 5 Pimpinellae radix (P. saxifrage) 

2 Imperatoriae radix 4 Heraciei radix 6 Pimpinellae radix (P. major) 

(methanolic extract, 20 pi) 

T1 xanthotoxln T3 umbelliferone (R, - 0.45) ► 

T2 imperatorin xanthotoxin (R r ~ 0.5) 

Fig. 9,10 toluene-ether (1:1 saturated with 10% acetic add) 

A UV-254nm (without chemical treatment) 

B UV-365 mm (without chemical treatment) 

C 10% ethanolic KOH (No. 35) UV-365 tint 


Apiaceae roots are generally characterized by a high number of structurally similar 
furanocoumarins (fcs). All fcs show quenching in UV“254nm and blue, violet or brown 
fluorescence in UV-365 nm. 

Angelicae (1), Imperatoriae (2) and Levistici (3) radix are easily distinguishable by their 
different patterns and numbers of fcs zones in UV-254nm. Sample (2) has the highest, 
and sample (3) the lowest fcs content. 

Angelicae radix (1): a major fcs zone at R, — 0.65 as well as six to seven less concentrated 
zones (R, 0.05-0.6). 

Imperatoriae radix (2): two almost equally strong fcs bands (R f 0-6/0.75), a major fcs 
band (R, 0.45-0.55) and six less concentrated zones between R t 0.05 and 0.4. 

Levistici radix (3): low content of fcs zones (R r 0.05-0,6) and a phtalide (R f — 0,8), 

Angelicae (1) and Imperatoriae (2) radix both show characteristic bands of ten to 15 
violet, blue or brown fluorescent zones from the start up to R f — 0.6 and Rf — 0.7, 
respectively. Levistici radix (3) has weak, pale-blue zones at R, 0,25-0.3 and R, — 0.8. 
Angelicae radix (1): a band of 12 mostly violet- blue fluorescent zones (R f 0-0.6), with two 
major violet fcs zones directly above and below the xanthotoxin test (Tl) -4 for details 
see Figs. 11 + 12 

Imperatoriae radix (2): the bright blue fluorescent ostruthin at R t ~0.45 dominates, 
followed by two characteristically brown fluorescent fcs zones (e.g, imperatorin, T2) —> 
see also Figs. 11 + 12 

Levistici radix (3): the pale blue ligusticum lactone dominates 

Imperatoriae radix (2) and Heradet radix (4) are mainly distinguishable by a different 
pattern of characteristic fcs zones in the R f range 0.45-0.75. 

Imperatoriae radix (2): the prominent bright blue ostruthin (R r — 0.5) is followed by 
imperatorin (T2). 

Heraciei radix (4): the blue spondin, directly below the xanthotoxin test Tl is followed by 
four weaker blue and brown (<) fluorescent fcs zones of isopimpinellin (R f 0.54), 
pimpinelltn (R r 0.65), isobergapten, bergapten. 

With KOH reagent Pimpinellae radix (5,6) develops six blue or violet fluorescent zones 
between the start and R r — 0.5. In this R f range Pimpinellae (5,6) and Heraciei radix (4) 
show similar TLC features (e.g. scopoletin, R r — 0.3; spondin, R, — 0.5; isopimpinellin, R, 
~ 0.55), but (4) has highly concentrated fcs zones in the ft, range 0.55-0.75 (e.g. 
pimpinellin, bergapten, isobergapten), while the fcs isobergapten or isopimpinellin are 
detectable in enriched extracts of Pimpinellae radix only. 
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Drug sample 


Reference 

compound 

Solvent system 
Detection 


Description 


Fig. 11,12 


Imperatoriae, Angelicae and Levistici radix 

1 Imperatoriae radix 

2 Angelicae radix 

3 Levistici radix (methanolic extracts* 30 pi) 

Tl Lmperatorin 
T2 xanthotoxin 
T3 umbelliferone 

Fig. 11,12 toluene-ether (1:1/saturated with 10% acetic acid) 

A UV-254 nm (without chemical treatment) 

B UV-365nm (without chemical treatment) 

C 10% ethanolic KOH (No. 35) -> UV-365 nm 


More than 15 structurally similar furanocoumarins (fcs) and coumarins are identified 
compounds of Imperatoriae radix (1) and Angelicae radix (2). Levistici radix (3) differs 
from 1 and 2 by a generally lower coumarin content. Because of their structural similar¬ 
ity, fcs are found as overlapping zones specifically in the R ( range 0.5-0.65. In the table 
below, the known fcs in the drug samples 1-3 are listed: 


Coumarins 

1 

2 

3 

— R f value 

Umbelliprenin 


X 


0.8 

Bergapten 

X 

X 

X 

0.6 

lmperatorin (Tl) 

X 

X 


0.6 

Ostruthin 

X 



0.6 

Xanthotoxin (T2) 


X 


0,55 

Angdicin (brown) 



X 

0.5 

Umbelliferone (T3) 

X 

X 

X 

0.45 

Scopoletin 

X 

X 

X 

0.25 

Oxypeucedanin hydrate 


X 

X 

0.15 

Plant acids 

X 

X 

X 

o 

( 

o 


To distinguish the three Apiaceae roots, the different amount of quenching zones of the 
samples 1-3 can be used (—»A). To characterize the single drug extract, the contribution 
of the blue, violet and brown fluorescent coumarin zones before (—»B) and alter spraying 
with the KOH reagent (->C) has to be considered. The originally pale-brown zones such 
as lmperatorin Tl and xanthotoxin T2 become light brown, and the blue fluorescent 
zones become bright blue after spraying. They then form a band of strongly fluorescent 
zones from the start up to R f — 0.8, often overlapping the brown adjacent zones, as seen 
with the sample 2. 

In the R r range 0.55-0.65, the main blue fluorescent ostruthin and the brown lmperatorin 
zone dominate the TLC picture of Imperatoriae radix (1), while in Angelicae radix 2 two 
prominent bright fluorescent zones of that. R f range contain angelicin, lmperatorin, 
xanthotoxin, bergapten and osthenol. 

Levistici radix (3). The KOH detection (^C) reveals five to seven clearly visible zones in 
the R f range 0.25-0.9, with three zones at R f 0.25-0.4 (e.g, umbeiUferone/T3) } two zones 
in the R, range ofTl and T2 with bergapten close to the lmperatorin test Tl and the pale 
blue fluorescent 3-butylidenphthalide (ligusticum lactone) at R, ~ 0.85. 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 


Description 

Fig. 13A 


B 


Pig. 14C 
D 


Rutae herba 

1 Rutae herba (methanol ic extract, 20 pi) 

T1 rutarin T3 ko.kusaginine T5 xanthotoxin 

T 2 Y“.fagar.ine T4 scopoletin T6 umbelliferone 

Fig. 13 A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) -»system I 
B toluene-ether (1:1/saturated with 10% acetic acid) -» system II 
Fig. 14 C,D toluene-ether (1:1/saturated with 10% acetic acid) system IT 

A 5% ethanolic ICOH reagent (No. 35) -4 UV-365 rim 
B UV-365 nm (without chemical treatment) 

C UV-254nm (without chemical treatment) 

D Dr agendo rff reagent (DRG No. 13) -4 vis 


Rutae herba can be characterized by its coumarins (e,g, rutamarin), the furano- 
coumarins (e.g. bergapten, psoralen) as well as the furanoquinoline alkaloids (e.g. 
kokusagine, y-fagarine) and the fiavonol glycoside rutin. 

Rutae herba (l) generates with KOH reagent in solvent system I a band of ten to 12 violet 
and blue fluorescent zones from R r - 0.2 up to the solvent front. Rutarin (Tl) forms a 
major white-blue fluorescent zone at R f — 0.35. 

The lipophilic coumarins and furanoquinolin alkaloids (T2/T3) migrate in one blue 
fluorescent major zone up to the solvent front. 

The dark zone (>) directly above rutarin derives from the fiavonol glycoside rutin, 
which develops a bright orange fluorescence in UV-365 nm when treated with the Natu¬ 
ral product/PEG reagent (Appendix A, No. 28; Rutin see 7.1.7, Fig. 4). 

Separation of Rutae herba (1) extract in solvent system TT yields more than ten blue 
fluorescent zones from the start up to R f — 0.9. Red zones are chlorophyll compounds. 


Compounds 

dimethyl-aHyi-herniarin 

isoimperatorin 

rutamarin 

psoralen, bergapten 

xanthotoxin test 

umbelliferone 

kokusaginin 

scopoletin 

y-fagarine 

daphnetin 


R f value 
'“0.9 

. as partly overlapping zones 
R f range 0.55-0.85 

-0.55 (T5) 

-0.4 (T6) 

-0.35 (T3) 

-0.3 (T4) 

-0.25 (T2) 

- 0.2 


Ail coumarin and alkaloid zones show prominent quenching in UV-254nm. 

With Dragendorffs reagent, the alkaloids T2 and T3 form brown zones (vis). Coumarins 
also can give a weak, nonspecific reaction (“false positive Dragendorff reaction”) due to 
the a,fUinsaturated lactone structure. 
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Fig. 13 


Fig. 14 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Description 

Fig. 15 
A 

B 

Fig. 16 
C 


Herniariae herba 

1 Herniariae herba (H, glabra) 

2 Herniariae herba (H. hirsuta) 

3 Herniariae herba (trade sample) (methanolic extracts, 20 pi) 

T1 hernia rin 

T2 rutin (R ( ~ 0.4) ►- chlorogenic acid (R r — 0.45) ► hyperoside (R f ~ 0.6) 

T3 aescin 

Fig. 15 A,B toluene-ether (1:1 /saturated with 10% acetic add) ► system I 

Fig. 16 G,D ethyl acetate-glacial acetic acid-formic acid-water (100; 1.1; 11:26) ► system II 

A UV-365 run (without chemical treatment) 

B 5 % ethanolic KOH reagent (No. 35) ► UV-365nm 

G Natural products-polyethylene glycol reagent (NP/PBG No. 28) ► U V-365 nm 
D Anisaldehyde-sulphuric acid reagent (AS No. 3) ► vis 


Herniariae herba can be identified not only by its coumarins but also by its flavonoid 
and saponin pattern. 

Coumarins (solvent system 1) 

Methanolic extracts of Herniariae herba (1) and (2) show five violet fluorescent zones in 
the R r range 0.25-0.55, with two prominent zones at R, 0.25 and R f 0.55 doe to scopoletin 
(U, — 0.25) and herniarin (R, 0.55/T1), respectively. In the commercial sample 3, 
both coumarins are hard to detect. 

KOl-1 reagent intensifies the fluorescence of herniarin and scopoletin to a bright blue. 
Both compounds are detectable in samples (])-(3), 

Flavonoids (solvent system II) 

The extracts 1-3 generate with NP/PEG reagent three to five orange fluorescent quercetin 
and yellow isorhanmetin glycosides in the R, range 0.2-0.4, with the prominent orange 
zone of rutin (T2) at R* 0.4 and the yellow zone of narcissin at R, 0.45 directly above. 
The number of additional orange and yellow flavonoid glycoside zones in the R r range 
0.25-0.35 varies in the samples 1-3. Trade sample 3 shows a marked number of blue 
fluorescent zones in the R, range of chlorogenic add (R r — 0.45/T2) and above. 

The lipophilic coumarins* such as herniarin* migrate as blue fluorescent zones up to the 
solvent front. 

Saponins (solvent system II) 

Detection with AS reagent reveals one or two prominent yellow flavonoid zones at R, 0.4- 
0.45 and up to five small, dark yellow-brown zones in the R f range 0.1 -0.3 due to saponin 
glycosides derived from medicagenic> 16-hydroxy-medicagenic acid and gypsogenin, 
with the main zones in and below the R, range of the reference compound aescin (T3/ R, 
- 0.2). 
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6 Drugs Containing Essential Oils (Aetherolea), Balsams 
and Oleo-Gum-Resins 


Essential oils are volatile* odorous principles consisting of terpene alcohols, aldehydes, 
ketones and esters (>90%) and/or phenylpropane derivatives. Aetherolea are soluble in 
ethanol, but only to a very limited extent in water. They are mostly obtained by steam 
distillation of plant material. 

Balsams, e.g. toln balsam, are exudates obtained by incision into stems or trunks of 
plants or trees, respectively. They are water-insoluble resinous solids or viscous liquids 
with an aromatic odour, their constituents being 40%-60% of balsamic esters, 

The oleo-gum-resin myrrh contains resins, gums and 7%-l 7% of volatile oil and is about 
50% water soluble. 


6.1 Determination of Essential Oils 


A steam distillation is carried out with a modified distillation apparatus, as described in 
many pharmacopoeias (e.g. Cocking and Middleton Ph, Bur.). 

The quantity of drug used must be sufficient to yield 0.1 -0.3 ml essential oil. Therefore, 
10-50 g sample weight and 200-500 ml water are needed, depending on the nature of the 
drug to be examined. Normally 1 ml xylene is added in the distillation flask before 
starting the distillation. The rate of distillation has to be adjusted to 2-3mi/min. The 
distillate is collected in a graduated tube using xylene to take up the essential oil. For 
quantitative analysis of the essential oil, a blank xylene value has to be determined in a 
parallel distillation in the absence of the vegetable drug. 

Table 1 shows the conditions for the quantitative determination of essential oils accord¬ 
ing to the German pharmacopoeia DAB 10. 

For the qualitative investigation of an essential oil by TLC, the distillation period can be 
reduced to 1 h and can be performed in most cases without xylene. The resulting oil is 
diluted in the graduated tube with xylene (1:9) and used directly for TLC investigation. 
Essential oils with a density greater than 1.0, such as eugenol-containing oils, still need 
xylene for distillation. 


Micromethods 

A 50-ml Erlenmeyer flask is connected with a glass tube (U-shaped, 10- to 15-cm long, 
5 mm in diameter). 1 g powdered drug and 10 ml water are then heated to boiling in the 
flask and a distillation via the U-tube is performed slowly until about 1 ml of the water- 
essential oil mixture has been collected in the test tube. With I ml pentane, the lipophilic 
compounds are dissolved by shaking in the upper phase; the lipophilic solution is 
removed with a pipette and 20-100 pi is used for TLC investigation. 


Steam Distillation 


Micros team 
distillation 



Thermomicro- 
d instillation 
(TAS Method) 


Extraction with 
dichloromethane 
(DCM extract) 


Cinnamoyl 

pigments 

Myrrha 


150 


Table 1 


Drug 

Content of 
essential oil 
(ml/100 g) 

Sample 

weight 

(g) 

Water 

(ml) 

Time 

(hr) 

Rate 

(ml/inin) 

AbsiiUhii herba 

0,3 

50 

300 

3 

2-3 

A nisi fructus 

2,0 

- 25 

200 

2 

2-3 

Anthemidis flos 

0,7 

30 

300 

3 

3 “5.5 

Aurantii pericnrpium 

1.0 

20 

250 

1.5 

2-3 

Carvi fructus 

4.0 

10 

200 

1.5 

2-3 

Curcumae rhizoma 

3,5 

10 

200 

3 

3-4 

Foeniculi fructus 

4.0 

10 

200 

2 

2-3 

Juniperi fructus 

t,0 

20 

200 

L5 

3-4 

Malxicariac flos 

0.4 

50 

500 il 

4 

3-4 

Melissae folium 

0.05 

40 

400 

2 

2-3 

Menthae folium 

1.2 

50 

500 

2 

3-3,5 

Salviae offk. folium 

1.5 

50 

500 

1.5 

2-3 

Salviae tnfobae folium 

1.8 

50 

500 

1.5 

2-3 

Thyinj herba 

1.2 

20 

300 

2 

2-3 


" distilled from 1 % NaCl solution. 


► The microstearn distillation method gives a preliminary indication of the composition 
of the essential oil, but TIC of different sample concentrations is needed. 

The use of a so-called TAS oven (Desaga, Germany) allows the direct application of 
vegetable drug compounds that volatilize at a fairly high temperature (220°-260°C) 
without decomposition. 

A glass cartridge is filled at the tapered end with a small amount of quartz wool, followed 
by about 50mg powdered drug and about 50 mg starch. The cartridge is sealed with a 
clamp and placed in the oven block of the TAS apparatus, which is heated to about 220°C. 
The open end of the cartridge points directly to the TLC plate. Volatile compounds at the 
given temperature then distil onto the starting zone of the TLC plate in about 1.5 min. 
Immediately afterwards, the plate can be placed in a solvent system sufficient for TLC 
separation, 

► All components of essential oils and some other volatile compounds, e.g. coumarins, 
are obtained by this method. 

1 g powdered drug is extracted by shaking for 15 min with 10 ml d i chi oro me thane. The 
suspension is filtered and the clear filtrate evaporated to dryness. The residue is dis¬ 
solved in 1 ml toluene, and 30-100 pi is used for TLC. 

► This method also extracts other, often interfering lipophilic substances. 

Curcumae rhizoma: I g powdered drug is extracted by shaking for 5 min with 5 ml MeOH 
at about 60°C; 10 pi of the filtrate is used for TLC. 

0,5 g powdered Oleo-gum-resin is extracted by shaking for 5 min with 5 ml 96% ethanol, 
20 pJ. of the supernatant or filtrate is used for TLC. 
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0.5 g peru balm is dissolved in 10 ml ethyl acetate, and 10f.il of this solution is used for 
TLC. For tolu balm, 10 pi of a 1:10 dilution in toluene is used for TLC. 


6.2 Thin Layer Chromatography 


1 ml essential oil is diluted with 9 ml toluene; 5 pi is used for TLC. 

Solutions of commercially available compounds are prepared in toluene (1:30), 
3 pi (A 100 fig) of each reference solution is used. These quantities applied to the TLC 
plate are sufficient for detection of essential oil compounds. Thymol and anethole are 
detectable in quantities of 10 pg and less. 


Alcohols: 

Phenols: 

Aldehydes: 

Ketones: 

Oxides: 

Esters: 

P heny 1 p ro pan o i d s: 


borneoi, geraniol, linalool, menthol 

thymol, carvacrol 

anisaldehyde, citral, citronellal 

carvone, fenchone, menthone, piperitone, thujone 

1,8-dneole 

bornyl acetate, geranyl acetate, linaly acetate, menthyl 
acetate 

anethole, apiole, allyltetramethoxybenzene, eugenol, 
myristidn, safrole 


Silica gel 60 F 25(| -precoated TLC plates (Merck, Germany) 


Toluene-ethyl acetate (93:7) 

This system is suitable for the analysis and comparison of all important, essential oils. 

The pharmacopoeias describe various other solvent systems for individual drugs or their 
essential oils; 


Chloroform: 

Dichloromethane: 


Toluene-ethyl acetate (90:1.0); 
Toluene-ethyl acetate (95:5): 
Chloroform-toluene (75:25): 


Curcumae xanth. rhizoma, Melissae folium 
Anisi -, Cam Caryophylli Foeniculiaeth. 
Lavandulae and Rosmarini aeth.; 

Salviae fol. and Juniperi fructus; 

Eucalypti aeth. 

Menthae piperitae aeth. 

Absinthii herba, Matricariae llos, Thymi herba 


6.3 Detection 


* Without chemical treatment 

U'V-254nm Compounds containing at least two conjugated double bonds quench 
fluorescence and appear as dark zones against the light-green fluorescent 
background of the TLC plate, 

► all phenylpropane derivatives (e.g. anethole, safrole, apiole, myristicin, 
eugeno!) 


Balsam 


Essential oil 

Reference 

solutions 


Adsorbent 

Chromatography 

solvents 
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Fig. 3,4 


► or compounds such as thymol and piperitone. 

UV-365 am No characteristic fluorescence of terpenoids and propylphenols is 
noticed. 

• Spray reagents (see list Appendix A) 

- Anisaldehyde-sulphuric acid (AS No,3) 

10 min/110°C; evaluation in vis.: essential oil compounds show strong blue, green, red 
and brown colouration. Most of the compounds develop fluorescence under UV- 
365 mn. 

- Vanillin-sulphuric acid (VS No.42) 

10 min/110 M C; evaluation in vis.: colourations very similar to those obtained with the 
AS reagent, but no fluorescence at all under UV-365 nm. 

Exceptions: Anisaldehyde and thujone only gi ve very weak daylight colour with AS or 
VS reagent and should be treated with PMA or concentrated H^SO,,. Fenchone needs 
special treatment (see below). 

- Phosphomolybdic acid (PMA No.34) 

Immediately after spraying, evaluation in visa the constituents of essential oils show 
uniform blue zones on a yellow background, with the exeption of thujone, 
anisaldehyde and fenchone. 

Thujone: The TLC plate has to be heated for 5 min at 100X. Thujone then shows an 
intense blue-violet colour in the visible. 

Anisaldehyde appears blue with PMA reagent only when present in concentrations 
higher than 100 pgj at lower concentrations, its colour response varies from whitish to 
pale green (vis.). When sprayed with concentrated H a SO., and heated at about 10OX 
for 3-5 min, anisaldehyde appears red (vis.). 

Fenchone: The TLC plate has to be sprayed first, with PMA reagent, then with a 
solution of 0,5 g potassium permanganate in 5 ml concentrated sulphuric acid, After 
heating for 5 min at 100°C, fenchone appears dark blue (vis.). 

Spraying of the TLC plate with concentrated H a SO< and heating for 3-5 min at 11 OX 
yields a lemon-yellow (vis.) zone of fen chon, but only when applied in quantities 
greater than 100 pg; 


6,4 List of Essential Oil Drugs, Gums and Resins 


Reference compounds: Fig. 1,2, Sect. 6,6 

Chromatograms of essential oils with phenylprcpanoids: Fig. 3-11, Sect. 6,7 
Chromatograms of essential oils with terpenoids: Pig, 12-28, Sect. 6.7 


Drug/plant source/family/ Content of essential oil/main constituents 

pharmacopoeia TEC ~ Terpene hydrocarbon(s) 


A nisi fructus 
Anise 

Pimpinella anisum L, 
Apiaceae 

DAB 10 (oil), PhEur III, 
OAB 90 (oil), HeJv VII 
(oil), BP’88 (oil), MD 


2%-6% essential oil 

Trans-anethole (80%-90%), methyl chavicol 
(=estragol; 1-2%), anisaldehyde (1%), esler 
of 4-methoxy-2-(1 -propenyl)-phenol (—>5%), 
y-himachalen 

Adulteration: Conn maculati fructus (alkaloid 
coniin); Aethusae cynap. fructus 
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Drug/plant source/family/ 
pharmacopoeia 

Anisi steilati fructus 

Star anise 

Illicium verum HOOK, fit 

Illidaceae 

CAB 90, MD, 


Foeniculi fructus 

Fennel seed 

Foeniculum vulgare MILL. 

ssp, vulgare 

Apiaceae 

DAB 10 (oil), CAB 90 (oil), 
Helv VII (oil), MD, japan 


Basiiici herba 
Basil 

Ocimum basilicum L. 
Lamiaceae 


Content of essential oil/main constituents 
THC — Terpene hydrocarbon(s) 

5% - 8% essential oil Fig. 4 

Anethole (85%-90%), lerpineol, phellandren 
and up to 5% THC (limone, a-pinene) 

Adulteration; lllkium anisatum L. (fructus 
mostly safrole, cineole and linalool) 


ssp. vulgare-french bitter fennel: Fig. 3, 

4%-6% essential oil 

Trans-anethole (60%-80%), (methyl chavicol), 
an i said eh yde, (4 ) - fencho ne (12-22%), TH C 
ssp. vulgare van duke: 
french sweet or roman fennel: 

2%-6% essential oil 

Trans-anethole (50%-60%), (methyl chavicol), 
anisaldehyde, (4)-fenchone (0.4%~0.8%), 

THC (e.g. limone ne, pl-myrcene) 

0.1%-0*45% essential oil Fig. 3 

Methyl chavicol (up to 55%) and linalool or 
linalool (up to 70%) and methyl chavicol 
(chemotype or geographic type?) 


Sassafras lignum 1%~2% essential oil Fig. 3 

Sassafras wood, root Safrole (about 80%), eugenol (about 0.5%) 

Sassafras albidum (NUTT) 

NEBS var. molle 
(RAF) FERN 
Lauraceae 
MD 


Cinnamomi cortex 
Cinnamon bark 
Cinnamomum verum 
J.S. PRESL 

(syn. C. zeyianicum BLUME) 

Cinnamomum atomaticum 
NEES (syn. C. cassia BLUME) 
Chinese or cassia dnnamom 
Lauraceae 

DAB 10, 6AB 90 (oil), Helv 
VII (oil), BP 88 (oil), MD, 

DAC 86, japan, China (C. cassia) 


0,5%~2.5% essential oil ► Ceylon cinnamon 
Cinnamic aldehyde (65%-80%), hydroxymeth- 
oxy- and methoxy cinnamic aldehyde, 
trans-cinnamic acid, eugenol (4%-10%), 
a-terpineol, THC (e.g. [3-caryophyRene, 
a-pinene, limonene) 

l%-2% essential oil ► Chinese cinnamon: 
Cinnamic aldehyde (75%-90%); only traces of 
eugenol (0-10%, chemotype) 

(Unsubstituted coumarin) 


Fig, 5 
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Fig. 5,6 


Fig. 7,8 


Fig. 8 


Fig. 9,10 


Fig. 9 


Drug/plant source/family/ Content of essential oil/main constituents 

pharmacopoeia THC — Terpene hydrocarbon (s) 


Caryophylli flos 
Cloves 

Syzygium aromaticum (L.) 
MERR. et PERRY 
Myrtaceae 

DAB 10 (oil), Dab 90, llelv 
VII, BP 88 (oil), 

MD, Japan 


14%-20% essential oil 
EugenoJ (= 4-allyl-2-methoxyphenol; 
72%~~90%), aceteugenol (10%-15%), 
p-caryophyliene (>12%) 

Clove stalks contain 5%-6% 
essential oil, “mother cloves”, 
anthophylli 2%~*9% essential oil 


Calami rhizoma 

Sweet flag (Acorus) root 
Acorns calamus L. 
Araceae 

OAR 90, HelvVIt, MD 
Acorus calamus L. 
var. americanus WULFF 
(diploid) 

var. calamus L. (triploid) 
var. angustata ENGLER 
(tetraploid) 


1.7%—9.3% essential oil 
Triploid race (East Europe): 3% essential oil 
variable content of (X-, p-asarones 
(3.3%-l4%, average 8%), acoron 
(sesquiterpene ketone) 

Diploid race: 2.7%~-5% essential oil, 

(3-asarone absent or in low concentration; 

30 compounds (e,g. isoeugenol, 

methyl-isoeugenol, 2.4.5. trimethoxy-benzaldehyde 

and artefacts formed during distillation). 

Helv. VII (maximum 0.5% asarone). 


Asari radix 

Hazel wort, wild nard 

Asarum europaeutn L. 

Aristolochiaceae 

MD 


0.7%-*4% essential oil, 
a-asarone (= trans-isoasarone), 
methyl eugcnol (0.5%-40%) or 
tra n s isoelemicin (0.5 %“• 70%) 
(chemova riant) 


Petroselini fructus 
Parsley fruits 
Petroselinum crispum 
(MILL.) 
ssp. crispum 
leaf parsley 

var. tuberosum BERNH. 
ex RCHB. 

Root parsley 
Apiaceae 


3%~6% essential oil 
apiol, myristicin and 

1 -ai]yl-2,3,4,5-tetramet.hoxybenzcrie (ATMB); 
chemotype: 60%-80% apiol or 
50%-75% myristicin or 50%-60% ATMB 

Remarks: Petroselini radix also contains 
essential oil (Q.2%-0.3%) with apiol and 
myristicin 


Myristicae semen 
Nutmeg 

Myristica fragrans HOUTT. 
Myristicaceae 


6%-10% essential oil (nutmeg) 

Phenyl propane derivatives: myristicin 
(50%-75%), safrole, eugenote, elemicin; 
THC: a-pinene, limonene, p-cymene 
terpene alcohols in low concentration, 
geraniol, borneol, linalool and 
ct-terpineol 
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Dnig/plant source/ fami ly / 
pharmacopoeia 

Myristieae arillus 
Macis, Mace 

Myristica fragrans HOUTT 
Myristicaceae 
MD foil), OAB 90, Helv 
VII, BP 88 (oil), USP XXI 

Ajowani fructus 
Ajowan fruits 

Trachyspermum animi (L.) 

SPRAGUE 

Apiaceae 


Thymi herba 

Thyme 

Thymus vulgaris L. 
Lamiaceae 

DAB 10, Helv VII, MD 
OAB 90 foil) 

Thymus zygis L. 
Spanisli thyme 
Lamiaceae 
DAB 10, MD 

Serpylli herba 
Wild thyme 
Thymus pulegioides L. 
Lamiaceae 


Carvi fructus 
Caraway fruits 
Carum carvi L, 
Apiaceae 

DAB 1.0 (oil), OAB 90 
(oil), Helv VII, 

BP 88 (oil), MD 


Menthae crispae folium 
Spearmint leaves 
Mentha spicata L. BENTtl. 
var. crispa 
Lamiaceae 

MD, -4 DAC 86, BP 88 oil 
only 


Content of essential oil/mairt constituents 
THC = Terpene hydrocarbon (s) 

4%-12% essential oil (mace); qualitatively similar 
to nutmeg oil; safrole is absent 


2,6%-4.5% essential oil Fig. U 

Thymol (45%-60%) with small amounts of 

carvacrol 


l%-2.5% essential oil Fig. 11 

Thymol (30%-70%), carvacrol (3%-15%), 
thymol-monomethylether (1.5%-2.5%) 

1,8-cineole (2%-I4%); geraniol, Unalool, 
bornyl and linalyl acetate (l%-2.5%) 
a-pinene 

Content and composition of essential oil similar 
to that of Thymus vulgaris, but higher 
amount of carvacrol and less thymolmono- 
methylether (0.3%). 

0.1 %-0.6% essential oil Pig. 11 

Thymol (I%-4%), carvacrol (5%-33%) 
geraniol (3%-10%), linalool, linalyl acetate 
(20%-4G%), cineole (-47%), borneol (1%- 
15%) and bornyl acetate (-*5%) 

3%-7% essential oil (DAB 10; 4%) Fig. 12 

(s) (C)- C a rvo n e (50%-85%), dihydrocar von e, 
carveol, dihydrocarveol, up to 50% limonene 


1 %-2% essentia! oi 1 Fig. 12 

L-Carvone (42%~80%) acetates of dihydro¬ 
carveol and dihydrocuminyl alcohol, 

THC (pinene, limonene, phellandrene) 
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Rg. 12 


FI* 12 


Fig. 13 


Fig. 14 


Drug/plant source/family/ 
pharmacopoeia 

Corianclri fructus 

Coriander fruits 
Coriandrum sativum L. 
vai\ vulgare ALEF. 
large Indian coriander 
var. microcarpum DC 
small Russian coriander 
Apiaceae 

OAR 90, BP 88 (oil), MD (oil) 
USP XX (oil) 

Cardamomi fructus 

Cardamoms 

Elletaria cardamomum (L.) 
MATON 
Zingibcraceae 
DAC 86, BP 88 (oil), 

MD (oil), Japan, USP XXI 

Menthae piped tae folium 
Peppermint leaves 
Mentha piperita (L) HUDS. 
Lamiaceae 

DAB 10 (oil), OAB 90 
(oil), Heiv VII (oil), 

Ph. Bur. Ill, BP 88 (oil), 

MD (oil), USP XXII 


Content of essential oil/main constituents 
THC = Terpene hydrocarbon(s) 

0.2%-0.4% essential oil (Indian coriander) 
0.8%-1% essential oil (Russian coriander) 

( + )-Linaloq] (50%-8Q%), small amounts of 
geraniol and geranyl acetate, about 20% 

THC (a-pinene, y-terpinene ~!0%, rnyrcene, 
li.mone.ne —10% and camphene <5%) 
borneol (Russian coriander only) 
thymol (Indian coriander only) 


Essential oil: fruits (3%-8%), seeds (4%-9%), 
pericarp (0.5%-l%) 

a-Terpinyl acetate (30%), t,8-cineoJe (20%-40%); 
small amounts of borneol, linalool, 
linalyt acetate and limonene (2%-14%) 


0.5%-4% essential oil 

Menthol (35%-45%), (-)m en thone {10%-30%) 
with small amounts of isomenthone, 
menthyl acetate (3%-5%), menthofuran 
(2,5%-5%) pulegone, piperitone 0%), 
cineoie (8%), pinene, limonene, jasmone (0.1%), 
sabinenhydrate 


M. arvensis L, 
var. piperascens (L.) 
HOLMES ex CHRISTY 
Lamiaceae 

MD, Japan, DAB 10 (oil) 

Mentha pulegium L. 

Lamiaceae 

MD 


l%-2% essential oil (corn mint oil), 
similar composition as the oil from Mentha 
piperita, but menthofuran and cineoie are absent 


1%“2% essential oil (Pulegii folium aeth.) 
Pulegone (80%-95%) with small amounts of 
piperitone, menthol and THC 
adulterant of M. piperita, M. arvensis 


Rosmarini folium 

Rosemary leaves 
Rosmarinus officinalis L. 
Lamiaceae 
DAC 86, MD (oil) 

. > DAB 10, OAB 90, Heiv VII 

oil only 


l%-2% essential oil (oil composition varies due 
to drug origin). 1,8-Cineole (15%-30%), 
borneol (10%-2G%), bornyl acetate, 
a-pinene (up to 25%), camphene (15%-25%) 

► rosmarinic acid, picrosalvin, 
carnosolic acid 
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Drug/ pi ant .source/family/ 
pharmacopoeia 

Melissae folium 
Balm leaves, honeyplant or 
Lemon balm 
Melissa officinalis L. 

Lamiaceae 

DAB 10, OAB 90, Heiv VII, MD 
Cymbobogon nardus 
RENDLE 

Cymbobogon winterianus 
JO WITT 

Cymbobogon flexuosus 
TU HD. et STEUD. 

Poaceae 


Lavandulae Bos 

Lavender flowers 
Lavandula angu&tifoiia MILL. 
Lamiaceae 
DAC 86, MD (oil) 

DAB 10, OAK 90, Helv VII 
Lavandula latifolia MED. 

Lavandula hybrida REV. 


Aurantii pericarpium 
Bitter orange peel 
Citrus aurantium L. ssp. 
aurantium 
Rutaceae 

DAB 10, MD, Japan, China 
OAB 90, Helv VII, BP 88 


Aurantii Bos 

Orange flowers 
Citrus sinensis (L.) 
PERSOON ENGL, 

Rutaceae 

Helv VII (oil), OAB 90 (oil) 


Content of essential oil/main constituents 
THC = Terpen e hydroearbon(s) 

0.01%-0.20% essential oil Fig. 15,16 

Citronellal (3Q%-4Q%), citraJ (20%-30%), 
citronellol, nerd, geraniol and THC (10%, 
e.g. (i-caryophyllene) 

4% rosmarinic acid 
Melissa oil substitutes: 

Java Citronella oil (Ceylon type) 

Citronellae aetheroleum 
Java Citronella oil (Java type) 

0.5%-1.2% essential oil with citronellal 
(24%-25%) andgerianol (16%-45%) 

Lemon grass oil 

53%~83% citral (West Indian type) 

70%-85% citral (East Indian type) 

80%~84% citral (Angola type; odourless) 


l%-3% essential oil Fig. 16 

Lin alyl acetate (30%-55%), linalool (20%-35%), 
with small quantities of nerol, homed, 
p-ocimen, geraniol, cineole, caryophyllene- 
epoxide, camphene 

Spike lavender oil (0.5%™1%), 

linalool (30%-50%), cineole (>20%), ester absent 

“Lavandin oils” 20%-24% or 30%~32% iinalyl 

acetate, linalool, THC 

Commercial “Lavandin” oils; mixture with 

oil of spike lavender possible 


0.6%-2.2% essential oil Fig, 17,18 

(-F)-lumonene (90%), linalool, Iinalyl acetate, 
neryl and citronellyl acetate, citral 

► anthranile methylate, coumarins 

► Bavonoids: rutin, eriodtrin, naringin, 
neohesperidin, nobiietin, sinensetin 
(see Sect. 7.1.8 Fig. 23/24 p. 232) 


0.2%-0.5% essential oil (oil of neroli) Fig. 17 

Linalyl acetate (8%-25%), linalool (about 30%), 
geraniol, farnesol, limonene 
► anthranile methylate 
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Fig. 1.7*18 


Fig. 19,20 


Fig. 19,20 


Fig. 20 


Drug/plant source/family/ 
pharmacopoeia 

Citri pericarpium 

Lemon peel, Union 
Citrus limon (L.) BURM 
Rutaceae 

BP 88 (H- oil); oil only: 

DAB 10, CAB 90, Ml) 


Citrus aurantium (L.) ssp. 
bergamia (RISSO et 
P01T.) ENGL. 

MI) 

Citrus aurantium var. amara 
Rutaceae 


Salviae folium 

Sage leaves 
Salvia officinalis L. 
ssp. minor 
ssp. major 
Dalmatian sage 


Salvia l avan dull folia VAHL 
Spanish sage 
Lamiaceae 

DAB 10, CAB 90, Helv Vll 
(-Foil), MD (4-oil) 

Salviae trilobae folium 

Greek sage 
Salvia triloba L. hi. 
Lamiaceae 

DAB 10, Helv VII, MD 

Eucalypti folium 

Eucalyptus, bluegum leaves 

Eucalyptus globulus LA BILL. 

E. fruticetorum MUELLER 

E. smithii R.T. BAKER 

Myrtaceae 

DAB 10, USP XXI 

oil: OAB 90, Helv VII, BP’88, 

MD 


Content of essential oil/main constituents 
THC = Terpene hydrocarbon^) 

0.1%-6% essential oil 
(+S)-Limonene (90%), citral (3.5%-5%), 
small amounts of terpineol, linalyl and 
geranyl acetate 

Coumarins: geranylmethoxycoumarin, 
citroptene, bergamot tin 

► flavonoids: rutin, eriocitrin, neohesperidin 
(see Sect. 7,1,8). 

“Bergamot oil” (fruit peel oil): 
linalyl acetate (35%-40%), linalool 
(20%-30%); dihydrocumin alcohol 

“Oil of Petit Grain” (leaf oil) 

>60% linalyl acetate 

L5%-2.5% essential oil 
Composition varies, depending on origin: 
thujone (22%-37%; ssp. minor or major), 
cineole (8%-24%), camphor (30%), 
borneol (5%-8%), bornyl acetate and THC 
(e.g. a-pinene) 

► flavonoids: l%-3% 

► rosmarinic acid (2%-3%) 

Diterpene bitter pinciples: picrosalvin 
1%—1.5% essential oil 

cineole (20%), thujone {<!%), 
campher (26%) 


2%-3% essential oil 

1,8-Cineole (40%-70%), thujone (about 5%), 
borneol, bornyl acetate, THC 
► Diterpene carnosol 


l-5%—3-5% essential oil 
1,8-Cineole (eucalyptol; 70%-90%); 
piperiton, a-pinene, phellandrene 

► Non-official oils can contain 

cineole (40%-50%), piperitone (10%-20%) 
and/or phellandrene (40%~50%), 
e.g. Eucalyptus dives vSCHAUER 

► Non "rectified oils contain e.g. butyraldehyde 
and caprylaldehyde, which cause bronchial 
irritation 
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Drug/plant source/family/ 
pharmacopoeia 

Matricariae flos 
Chamomillae flos 
Camomile flowers 
Matricaria recutita (L.) 
Chamomilla recutita (L.) 
RAUSCHERT 
Asteraceae 

DAB 10, Ph. Ear. Ill, OAR 90, 
Helv VII, BP 88, MD 

Anthemidis iios 
Roman camomile flowers 
Chamaemelum nobile (L.) 
ALL. 

Asteraceae 

DAB 10, Ph. Ear, III, OAB 90, 
Helv VII, BP 88, MD 

Cinae flos 
Wormseed 

Artemisia dna O.C. BERG 
et C.F. SCHMIDT 
Asteraceae 
MD, Cab 9 

Curcumac rhizoma 
Turmeric 

Curcuma zanthorriza ROXB. 
Round turmeric 
Zingiberaceae 
DAB 10 

Curcuma domestica VAHL 
Finger or long turmeric 
Zingiberaceae 
DAC 86, MD 


Juniperi fructus 

Juniper berries 
Juniperus communis L. 
ssp. communis 
Cupressaceae 
DAB 10, OAB 90, Helv 
VII, MD 


Content of essential oil/main constituents 
THC - Terpene hydrocarbon(s) 

0.5%“-1,5% essential oil 
Chamazulene (0%-15%) 

(-)-a-BisaboIol (10%~25%) 

Bisabolol oxide A, B, C (10%-25%); acetylenes 
(cis- and trans-ene-i ne-dicydo ether, 1%~40%); 
farnesene (15%) 

Bisabokm oxide A, spathulenol 
Flavonoids: see Sect. 7.1.7, Fig. 3 


Q.6%-2.4% essential oil 

esters of angelic, methacrylic, tiglic and 

isobutyric adds; n-butylangclat (34%); 

polyacetylenes 

Flavonoids: see Sect. 7.1.7, Fig. 3, 4 


2%-3% essential oil 

1,8-Cineole (about 80%) with small amounts of 
a-terpineole, carvacrole, TF1C; 
sesquiterpene lactone; 

L-oosantonin (6%), a-hydroxy-santonin 
(artemisin) - bitter principle 

3%-12% essential oil 

Zingiberene (30%), xanthorrhizoJ 

(phenolic sesquiterpene, 20%), cineol, 

borneol, camphor (l%-5%) 

l%-2% pigments (curcumin, monodeniethoxy- 

curcumin 

0.3%-5% essential oil 

Sesquiterpenes ketone (65%; e.g. turmerone), 
zingiberene (about 25%), phellandrene, 
sabinene, borneol and cineole 
3%-4% pigments curcumin, monodemethoxy 
cu rcumin, bisdem eth oxyc urcumin, 
di-p-coumaroylmethane 

0.3%-L5% essential oil with varying 
composition of terpinene-4-ol (—5%), 
terpineol, terpinyl acetate, borneol, 
bornyl acetate, caryophyllene, 
epoxydihydrocaryophyllene, 
camphor, a- and p-pinene (50%), myrcene 


Fig. 21 


Fig. 22 


Fig. 22 


Fig. 23,24 


Fig. 25 
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Fig. 27*28 


Fig. 27,28 


Fig. 25 


Drug/plant source/family/ 
pharmacopoeia 

Content of essential oil/main constituents 

THC = Terpene hydrocarbon(s) 

Pine Oils 


These are essential oils from the needles and branch tips of Abies, Picea and Pinus 
species (4%-10%> Pinaceae family). 

Pini pumilionis aeth. 

Mountain pine oil 

Pi nus mugo TURRA 
ssp. mugo 
ssp. pumilio 
(HAENKE) FRANCO 

OAB, Helv VII, MD 

3%-10% esters, calc, als bornyl acetate 
and bornyl formiate; a- and p-phellandrene 
(60%), ot~ and p-pinene (30%~20%), 
anisaldehyde 

Pinus silvestris aeth. 

Scots pine needle oil 

Pinus silvestris L. 

DAB 10 

1.5%-5% esters calc, as bornyl acetate 

10%-50% a-, p-pinene, limonene 

Piceae aeth. 

Pine needle oil 

Picea mariana B.S.P. 

Picea abies (L.) KARSTEN 

37-45% bornyl acetate 

Pini silvestris aeth. 

Siberian spruce oil 

Abies sibirica LEDEB. 

10% bornyl acetate, borneol 

32%-44% bornyl acetate a-, p-pinene 

Terebinthinae aetheroleum 

T. rectificaturn aeth. 

Turpentine oil 

Pinus palustris MILLER 

Pinus pinaster ALTON et al. 
OAB 90, Helv VII, BP 88, 

MD (resin), Japan 

Distillate of turpentine (oleoresin) 
from various Pinus ssp. 

80%-90% THC (a-, p-pinene, limonene, 
phellandrene); autoxidation produces 
cx-pinene peroxides and subsequently 
verbenol and pinol hydrate (—sorbenol) 

Oleo-Gum-Resins 


Myrrha 

Gum myrrh 

Commiphora mol mol ENGL 
and Commiphora ssp. 
Burseraceae 

DAB 10, OAB 90, Helv Vll, 

MD, BHP 90 

2%-10% essential oil, complex mixture 
Sesquiterpenes: germacran-type, 
furanoeleman, furanoeudesman type 
2-methoxyfuranodien, curzerenone 

Cinnamic and cuminaldehyde, eugenoi, 
m-cresol and alcohols; 

25%-40% ethanol-soluble resin fraction 
with a-, p- and y-commiphoric acids and 
esters 
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Drug/plant source/family/ 
pharmacopoeia 

Content of essential oil/main constituents 

THC = Terpene hydrocarbon(s) 


Benzresins and balsams 



Benzoe tonkinensis 

Siam-benzoin, gum benjamin 
Styrax tonkinensis (PIERRE) 
CRAJB ex HARTWICH 
Styracaceae 

Ph. Eur. Ill, OAB 90, 

Helv VIE USP XXII, MD 

25% free or combined adds, 
determined as benzoic acid (Ph. Eur. 111). 

Coniferyl benzoate (60%~80%), coumaryl 
benzoate (10-15%), benzoic acid 
(10%-20%), vanillin (about 0.3%), 
a-siaresinotic acid (=19-hydroxyoleanolic 
acid) 

n g . 26 

Benzoe Sumatra 
Sumatra-benzoin 

Styrax benzoin DRYAND. 
Styracaceae 

BP 93, USP XXII, MD 

Cinnamoyl benzoate and coniferyl benzoate 
(70%-80%), cinnamic acid esters, styracin, 
cinnamic acid (about 10%), cinnamic acid 
phenylpropyl ester (about 1%), vanillin 
(about i %), sumaresinolic acid 
(= 6-hydroxyoleanolic acid) 


Tolutanum balsamum 

Tolu balsam 

Myroxylon balsamum (L.) 
HARMS var. balsamum 
Fabaceae 

Leguminosae 

HELV VII, USP XXII, MD 

About 7.5% “cinriamein”, a mixture of benzoyl 
benzoate (4%-I3%) and cinnamoyl benzoate; 
(1-3%); about 80% resin (mostly cinnamic esters 
of toluresitan.no!), dunamic acid, benzoic acid, 
vanillin, eugenol 

Fig. 26 

Peruvianum balsamum 

Peru balsam 

Myroxylon balsamum (L.) 
HARMS var. pereirae 

Fabaceae 

DAB 10, OAB 90, Helv VII, 

ri/f 

50%-70% esters: 

benzoyl benzoate (25%-40%) and cinnamoyl 
benzoate (10%—25%) 

20%-28% resin (mostly dnnamicesters 
of peresitannol), cinnamic acid (about 10%), 
benzoic and dihydrobenzoic acid, 



a-nerolidol (3%-$%) 




162 


6.5 Formulae 


a-Pinene 


p-Pinene 


Camphene 



a-Terpinene 




p-Cymene 



Gerianiol 


Nero! 


Linalool 


Terpineol 
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Cineole Thymol Carvaorol 



Carvone 


Piperitone 


Thujone 


Fenchone 
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Chamazuiene 


(ds-,tran$-) Ene-lne-Dicycioether 




(-)-a-Bisabolof 


(-)-a“Bisabolol oxide A (-)-a-Bisabolol oxide B (-)-a-Bisabolon oxide A 




Cinnamic aldehyde 


h 3 CO 



trans-Anethole 


och 3 



Methyl chaviol 



OCH 3 


Eugenol 
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OH 



Isoeugenol 





OCH 3 


a-Asaron 

(trans-Asaron) 



Xanthorrhizol 


O O 



Ourcumin R 1 = R 2 = OCH 3 

Bisdesmethoxycurcumin R 1 - R 2 = H 
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6.6 Terpene and Phenyipropane Reference Compounds 


Fig. 1 


Fig. 2 


Solvent system 
Detection 


Reference compound 1 

R f value 

Colour 

Compounds applied in 
decrea si ti g polarity 

order of increasing R ( value and 

1 bomeol 

0,24 

violet-blue 

2 linalool 

0.30 

blue 

3 piperitone 

0.35 

orange-red 

4 cineole 

0.40 

blue 

5 citral 

0.42 

blue-violet 

6 carvone 

0.46 

red-violet 

7 eugenol 

0.47 

yellow-brown 

8 thymol 

0.52 

red-vtolet 

9 citronellal 

0.65 

blue 

10 apiol 

0.65 

red-brown 

11 myristicin 

0.75 

red-brown 

12 anethole 

0.85 

red-brown 

13 safrole 

0.87 

red-brown 


Monoterpene alcohols and their esters 


14 geraniol 

0.22 

blue 

15 geranyl acetate 

0.64 

blue 

16 nerol 

0.24 

blue 

17 neryl acetate 

0.66 

blue 

IB borneol 

0.24 

blue-violet 

19 bornyl acetate 

0.65 

blue-violet 

20 menthol 

0.28 

blue 

35 menthyl acetate 

0.72 

blue 

22 linalool 

0.33 

blue 

23 linalyl acetate 

0.68 

blue 


toluene-ethyl acetate (93;7) 

Vanillin-sulphuric acid reagent (VS No.42) —»vis 


After treatment with the VS reagent the monoterpene alcohols and their esters, cineole, 
the aldehyde citral and citronellal show blue or blue-violet colour in vis. The phenyl- 
propane derivatives safrole, anethole, myristicin, apiol and eugenol are brown-red/ 
violet, while thymol and carvon are red to red-violet; piperitone shows a typical orange 
colour. 

Commercially available reference compounds often show additional zones at the start 01 - 
in the low R f range. This can be due to res unification,, decomposition products or incom¬ 
pletely removed impurities. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 


Fig. 



14 15 16 17 18 19 20 21 22 23 


Fig. 
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Drug sample 
(essential oil) 


Reference 

compound 

Solvent system 


Detection 


Fig, 3A, B 


Fig. 4A 


B 


C 


6.7 Chromatograms 

Anisi fructus, Foeniculi fructus, Basicili herba, Sassafras lignum 

Essential oils with anethole/methylchavicol or safrole 


1 Anisi fruct aeth. (anise) 

2 Anisi stellati fruct. aeth. (staranise) 

3 Foeniculi fruct. aeth. (bitter fennel) 

4 Foeniculi fruct. aeth. (sweet fennel) 

Tl anethole T3 eugenol 

T2 salrole T4 fenchone 

Fig. 3A+B toluene-ethyl acetate (93:7) 
Fig. 4A+B toluene-ethyl acetate (93:7) 
Fig. 4C toluene 


5 Basilici herba aeth. (basil) 

6 Sassafras lignum aeth. (sassafras) 

7 Anisi fruct. (DCM-extract) 

8 Anisi stellati fruct. (DCM-extract) 


Fig. 3A+B Vanillin-sulphuric acid reagent (VS No. 42) -^vis 
Fig. 4A Concentrated sulphuric acid -»vis. 

B Phosphormolybic acid/K permanganate (PMS/PM No. 34 + 36) ™»vis 
C Vanillin-sulphuric acid (No.42) —»vis 


The major constituent of the essential oils 1-6 is detectable VS reagent as a red-violet to 
brown-violet zone at R f 0.9-0.95. In the essential oil of anise (1), staranise (2), bitter 
fennel (3) or sweet fennel (4) it is anethole (Tl) with small amounts of the isomer 
methylchavicol, while basil (5) has predominantly methylchavicol which has the same R r 
value as anethole. The prominent zone of sassafras oil (6) is safrole (T2). Anethole (Tl) 
and safrole (T2) can be separated in the solvent toluene (see Fig. 4C), where safrole then 
shows a higher R f value. 

The blue zones in the R f range 0.1-0,4 of die oils 1-6 are terpene alcohols (e.g. linalool at 
R t 0.4) at a very low concentration in the samples 1-2, slightly higher in bitter fennel (3) 
and sweet fennel (4), while basil (5) shows three intensive blue terpene alcohols with 
linalool as a major compound. In basil oils, linalool can be the predominant compound 
with very litde methylchavicol (cheiilO- or geotype). A red-violet zone at R f ~ 0,5, as in 
samples 2-5, can occur (e.g. epoxidihydrocaryophyllene). 

Anethole at R f - 0.9 and anisaldehyde at R f ~ 0.45 with concentrated sulphuric add 
immediately give a red to red-violet colour. Fenchone is detected as a yellow ochre zone 
at R, — 0.5 after being heated at 110°C for about 5 min and at a concentration greater than 
>100 pg. 

Fenchone, if present in a lower concentration, can be detected by the PM A/PM reagent 
only. The dark blue-coloured zone of fenchone (14) is seen in the sample of bitter fennel 
(3) (12%—22% fenchone), whereas a weak whitish zone is detected in sweet fennel (4) 
(Q.4%-0.8% fenchone). Fenchone is absent in anise (1) or star anise. 

Detection with VS reagent (U0°C/5 min) reveals in anise (7) and staranise (8) the grey- 
violet zones of anethole (Tl) at R r 0.8 and of triglycerides (in DCM extracts only) at Rj 
0.2-0.3. In the R f range above anethole, no prominent zone should be present. A high 
amount of safrole (T2) instead of anethole might indicate an adulteration with the 
poisonous Ulicium anisatum (syn.I. religiosum). 
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T1 1 2 3 4 5 T2 6 T3 Fig* 3 



3 T4 T4 3 1 4 T1 7 8 T2 Fi g- 4 
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Cinnamomi cortex, Caryophylll flos Essential oils with eugenol 


Drug sample 
(essential Oil) 


1 Cinnamomi ceylanici cortex aeth, 

2 Cinnamomi aromaticae cortex aeth. 

3 Cinnamomi ceyl. cortex (DCM extract) 

4 Cinnamomi aroraat. cortex (DCM extract) 

5 Caryophylli flos aeth. 


Reference Tl linalool 

compound T2 cinnamic aldehyde (=cinnamaldehyde) 
T3 eugenol 
T4 coumarin 


Solvent system 


Fig. 5A-C toluene-ethyl acetate (93:7) 
Fig. 6A+B dichloromethane 
C toluene 


Detection Fig. 5A+C Vanillin-sulphuric acid (VS No. 42) ™»vis 
B KOH reagent (KOH No.35) ->UV-365nm 
Fig. 6A+C Vanillin-sulphuric acid (VS No. 42) -^vis 
B UV-254 nm 


Fig. 5A Cinnamon oils (1,2) are characterized by cinnamic aldehyde (12), seen as major grey- 
blue zone at R, - 0.5 (VS reagent, vis). 

Ceylon cinnamon oil (1) shows an additional violet-blue zone at ll r - 0.2, a blue zone at 
R, - 0.4 (linalool/Tl), and the terpene ester at ~ 0.65. 

Cassia cinnamon oil (2) has a prominent blue zone of terpene hydrocarbons 
(e.g. caryophyilene, a-pinene) at the solvent front as well as two minor blue zones at 
R t 0,25-0.3. 

B Development of DCM extracts in dichloromethane and detection with KOH reagent in 
UV-365 nm shows in the R f range of cinnamic aldehyde at R f — 0.5 a green and directly 
below at R r ~ 0.45 the blue fluorescent zone of o-methoxycinnamic aldehyde. Besides a 
higher amount of the aldehyde, the cassia cinnamon bark (4) also contains coumarin 
(14), which is found as a blue fluorescent zone below the aldehyde (see note below). 

C Essential oil of Caryophylli flos (clove oil, 5) shows as major compound the orange- 
brown zone of eugenol (T3, R r ~ 0.5) and the violet zone of (f-caryophyllene at the 
solvent front. 

Fig. 6A A TLC development of cinnamon oils (1,2) with dichloromethane separates cinnamic 
aldehyde (T2) and the eugenol zone (T3). Eugenol is present in Cinnamomi ceylani 
cortex only and is found as a brown zone directly above cinnamic aldehyde, followed by 
the blue ester zone (VS reagent, vis) (see note below). 

B The phenyl propane derivatives as well as coumarin (T4) are seen in UV-254 nm as 
prominent quenching zones at R r 0.45-0.55. 

C In the solvent toluene eugenol is found in a lower R r range. 

Nate: Eugenol (<5%) is reported in Cinnamomi ceylanici cortex only, while coumarin 
is found in C. aromaticae cortex only. Very often the powdered trade samples of cinna¬ 
mon bark are mixtures of both species and therefore both compounds are present. 
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T1 T2 1 T3 2 3 T4 4 T3 5 
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Calami rhizoma, Asari radix Essential oils with asarone 


Drug sample 


1,2 Calami rhizoma (without bark) 

3 Calami rhizoma (USA/with bark) 

4 Calami extract (5:1/40% EtGH) 

5 Asari europaeae radix 

6 Asari canadensis radix 


Reference 

compound 


Solvent system 


Tl trans-iso asarone 
T2 eugenol 
T3 bornyl acetate 

toluene-ethyl acetate (93:7) 


Detection Fig. 7 A UV-365 nm B UV-254 nm 

Fig. 8 Vanillin-HjSO,, reagent (VS No. 42) vis 


Fig. 7A DCM extracts or TAS distillates of Calami rhizoma (1-3) show in UV-365 nm at least 
seven blue or violet-blue fluorescent zones from the start up to R f ~ 0.55 and additional 
zones in the R f range 0.75 and at the solvent front. Their concentration is low in the 
commercial extract (4). The zone at R t ~ 0.4 in the samples 1-4 fluoresces blue and 
violet-blue, due to the a-fJ-asarone mixture (Tl, violet-blue). 

B The samples 1-3 show prominent quenching zones (UV-254 nm) from the start up to R, 
0.65, with two major zones at R r ~ 0.4 (a-(3-asarone, Tl) and R,~ 0.65. 

Fig. 8 Treatment with the VS reagent characterizes the chromatogram of Calami rhizoma 
samples 1 -3 by a series of violet, blue and brown-violet zones (vis.), extending from R, - 
0.05 up to the solvent front. The asarone (Tl) appears as a red-violet zone at R f ~ 0.4. In 
the R, range of eugenol (T2) all oils show one to two weak zones followed by a prominent 
blue zone at R, 0.75 (R, range of bornyl acetate) and a blue zone at the solvent front. 

The TLC pattern of Calami rhizoma samples varies according to the origin of the drug, 
the vegetation period and the extraction method (sample 4). Some compounds are 
unstable and form artefacts. The amount of a-p-asarone depends on the genetic origin 
(di-, tri- or tetraploid) but should not exceed 0.5%, because of its carci nogenic potential. 

DCM extracts or TAS distillates of Asari europ. radix (5) show a relatively high amount 
of asarones (Tl), accompanied by four weaker blue zones in the R, range G.l-0,3, while 
in Asari canadensis radix (6) only traces of asarones are found. Sample 6 is characterized 
by a major dark-blue zone in the R, range of bornyl acetate (T3), a yellow-brown zone of 
eugenol (T2) at R f — 0.5 and five to six dark-blue zones from the start up to R, — 0.35. 
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Myristicae semen, Petroselini fructus Essential oils with apiole and. 
myristicin 


Drug sample 
(essential oil) 


Reference 

compound 


Solvent system 


1 Myristicae aeth. (commercial oil) 

2 Petroselini fructus (myristicin race) 

3 Petroselini fructus (steam distillate) 

4 Petroseli fructus (apiol race) 

5-7 Petroselini aeth. (commercial oils) 

T1 myristicin T4 allyltetramethoxybenzene (ATMB) 

T2 eugenol T5 elemicin 

T3 apiol 

Figs, 9, 10 toluene-ethyl acetate (93:7) 


Detection Fig. 9A UV-254nm 

B Vanillin-sulphuric add reagent (VS No. 42) vis 

Fig. lOA-tB Vanillin-sulphuric acid reagent (VS No. 42) H>vis 


Fig. 9 All phenylpropane derivatives of Myristicae (l) and Petroselini aeth. (2) are seen as 
quenching zones in UV-254 nm (->A) and as brown to red-brown-coloured zones with 
VS reagent in vis, (—>B), 


Compound 

R f 

Essential oil Fig. 9 

Fig. 10 

safrole (T13,p. 166) 

0.95 

1 Myristicae aeth. 

6 Petroselini aeth. 

myristicin Tl 

0.80 

1 Myristicae aeth. 

2-7 Petroselini aeth. 

apiol T3 

0,75 

2 Petroselini aeth. 

3-7 Petroselini aeth. 

eugenol T2 

0.55 

1 Myristicae aeth. 

6-7 Petroselini aeth. 

allyltetramethoxy- 
benzene T4 

0.45 

2 Petroselini aeth. 

3-7 Petroselini aeth. 

elemicin T5 

0.40 

2 Petroselini aeth. 

3-7 Petroselini aeth. 


Myristicae aeth. (1) is characterized by the major zone of myristicin (Tl), smaller 
amounts of safrole directly above, traces of eugenol (T2) and two to three zones of 
terpene alcohols (R, 0.15 T 0.25). Depending on the origin of the oil (semen or macis), the 
amount of THC at the solvent front can be more highly concentrated and at the same 
time safrole can be absent. 

Petroselini aeth. (2). This oil shows myristicin (Tl) as its major compound (myristicin 
race). 

Fig. 10 TLC synopsis of parsley oils 

Petroselinum can occur as chemical race (chemotype), in which the predominant com¬ 
pound is either myristicin (2,3) or apiol (4), In rare cases allyltetramethoxy benzene is 
the major compound. Commercial parsley oils from cultivated plants (5,6,7) contain 
myristicin and apiol in various, sometimes in approximately equal concentrations (6). 
The parsley oils 2-7 also show slight variations of minor phenylpropanoids in the R, 
range 0.4-0.5 (eugenol/T2, allytetramethoxy benzene/T4, elemicin/T5) 
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Fig. 9 


Fig. 10 
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Drug sample 
(essential oil) 

Reference 

.Solvent system 

Detection 

Fig. U 


Drug sample 
(essential oil) 

Reference 

compound 

Solvent system 
Detection 

Fig. 12A 


B 

€ 


Ajowani fructus, Thymi and Serpylli herba Essential oils with thymol/ 
carvacrol 

1 Ajowani fructus aeth. 3,6 Serpylli herba aeth, 

2/1,5,7,8 Thymi herba aeth. 

T1 thymol T2 carvacrol 

Fig. 11 toluene-ethyl acetate (93:7) 

Vanillin-sulphuric acid reagent (VS No. 42) -^vis 


The essential oil of Ajowani fructus (I) contains mainly thymol (Tl), seen as a 
characteristic red zone at R ( ~ 0.5. Indian Ajowan is known as an adulterant of 
Petroselini fructus. 

The essential oils Thymi aeth. (2,4) from Thymus vulgaris and Thymus zygis show 
thymol and its isomer carvacrol (5,7) (see note) as one red zone at R, ~ 0.55, three weak 
blue and grey zones of terpene alcohols (e.g, borneol, geraniol, linalool) in the R f range 
0.15-0.35 and terpene esters (e.g. bornyl and linalyl acetate) in the R, range 0.7-0.8. 
Serpylli aeth. (3,6) (Thymus pul egio ides) has two additional terpene ester zones directly 
above thymol. A rectified commercial thyme oil (8) shows, besides thymol, additional 
red zones in the R f range 0.3-0.4 and 0.65-0.95. 

Note: A separation of the isomers thymol/carvacrol is achieved by two-dimensional 
TLC with toluene-ethyl acetate (93:7) in the first and toluene-carbon tetrachloride-0- 
nitrotoluene (33:33:33) in the second dimension. 


Carvi, Coriandri, Cardamomi fructus 

Menthae crispae folium Essential oils with terpenes 

1 Carvi fructus aeth. 4 Coriandri semen aeth. 

2 Menthae crispae folium aeth. 5 Cardamomi fructus aeth. 

3 Coriandri fructus aeth. 

Tl carvone T4 cc-terpineol (R f 0.25) ► terpinyl acetate (R r 0.75) 

T2 linalool 
T3 cineole 

Fig, 12 toluene-ethyl acetate (93:7) 

Vanillin-sulphuric acid reagent (VS No. 42)~> vis A-C 


Carvi aeth. (1) is characterized by the intense raspberry-red zone of D-carvone (Tl) at R, 
~ 0.5. Terpene alcohols migrate in the R, range 0.2-0.25 (e.g. carveol). 

Menthae crispae folium aeth. (2) contains, besides L-carvone (red-violet, R, — 0.5), 
higher amounts of terpene alcohols in the R, range 0,2-0.3 (e.g. dihydroeuminyl alcohol) 
and terpene esters at R f 0.7 (e.g, dihydroeuminyl acetate). 

Essential, oils of Menthae piperitae folium show a totally different terpeneoid pattern 
(see fig. 13 p, 178). 

Coriandri fructus (3) and C. semen (4). Linalool (T2) is the major compound in both 
essential oils. Commercial seed oil can have a higher amount of linalool and in addition 
geraniol (R, 0.2) and geranyl acetate (R t 0.7), detected as grey zones. 

Cardamon oil (5) shows the prominent blue zone of a-terpinyl acetate (R r ~ Q.75/T4), 
cineole (R { 0.5/T3) and three minor terpene alcohols such as borneol, terpineol (R f 0.2- 
0,25), linalool (R, ~ 0.35/T2) and limonene at the solvent front. 
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Drug sample 
(essential oil) 

Reference 

compound 

Solvent system 
Detection 


Fig, BA 


11 

C 


Drug sample 
(essential oil) 

Reference 

compound 

Solvent system 
Detection 

Fig. HA 

B 

€ 


Menthae folium (Lamiaceae) 


1 Menthae piperitae aeth. 

2 Menthae arvensis aeth. 

T1 menthol T2 menthone/isomenthone 

T3 menthyl acetate T4 menthofuran 

Fig,13A,R toluene-ethyl acetate (93:7) 

C dichlormethane (100) 

A Vanillin-sulphuric acid reagent (VS No. 42) -Avis 
B Ph.osphomolybdic acid reagent (PMA No, 34) -Avis 
C Anisaldehyde-sulphuric acid reagent (AS No. 3) -Avis 


Official peppermint oil 1 

is characterized by the following terpenes: 

1 

menthol 

R, - 0.30 

(Tl) 

blue 

11 

piperitone 

R f - 0.35 


orange 

ill 

cineole 

R f - 0,40 


bl tie 

JV 

pulegone (?) 

R f - 0.48 


blue 

V 

isomenthone 

R r - 0.55 

(T2) 

blue-green 

VI 

menthone 

R r - 0.70 

(T2) 

blue-green 

VII 

menthyl acetate 

Rr - 0.75 

(T3) 

blue 

► 

THC 

solvent front 


violet-blue 

► 

menthofuran 

below THC 

(T4) 

red-violet 


Even with low concentrations of terpenes, such as menthyl acetate (T3) or THC in 
sample 1, the PMA reagent produces intense, uniform blue-black-coloured zones. 

For Menthae arvensis aeth. (2) the German pharmacopoeia DAB 10 describes the sepa¬ 
ration in dich loro methane. The prominent terpenes I-VII are detected with AS reagent. 
Cineole and menthofuran are absent, Menthofuran (T4) is detectable in freshly distilled 
peppermint oil only (instable compound). 


Rosmarini and Meiissae folium (Lamiaceae) 

1 Rosmarini aeth. 3 Meiissae fol. (MeOH extract) 

2 Rosmarini fol. (MeOH extract) 4,5 Meiissae aeth. 

Tl 1,8-cineole T2 borneol 

T3 rosmarinic acid T4 citral 

Fig* 14A+C toluene-ethyl acetate (93:7) 

B toluene-ethyl fomiate-formic acid (50:40:10) 

A+C Vanillin-sulphuric acid reagent (VS No. 42) —>vis 

B Natural products reagent (NP/PEG No. 28)-» UV-365nm 


Rosmarini aeth. (1) shows with VS reagent six mainly blue zones (vis.) in the R r range 
0.25-0.45 with cineole as the major zone (Tl). Due to plant origin the amount of terpene 
alcohols in the R r range below cineole differs (e.g. borneol, T2 > 20%). 

A methanolic extract of Rosmarini folium (2) and Meiissae folium (3) contains up to 5% 
rosmarinic acid (T3). 

Oil of Melissa balm (4,5) shows as main blue zone citronellal at R, 0.75, citral at R, 0.45 
and terpene alcohols at R ( 0.15-0.3. The quality of the oils varies, as explained in Fig. 15. 
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Commercial oils 

Reference 

compound 

Solvent system 
Detection 

Fig. 15 


Essential oil 

Reference 

compound 

Solvent system 

Detection 

Fig. 16A 


B 


Melissae folium and substitutes (Lamiaceae) 

1 Melissae fol. aeth. 3 Citri aetheroleum 

2 Citroneliae aeth. 4 Lemon grass oil 

T1 citronellal 
T2 citral 

Fig. 15 toluene-ethyl acetate (93:7) 

Vanillin-sulphuric acid (VS No. 42) ~>vis 


The amount of volatile oil gained by steam distillation of Melissae folium (1), as well as 
the amount of the oil constituents citronellal (Tl/R, — 0,75), citral (T2/R f - 0.5 and 
terpene alcohols (R f 0.2-0,4, e.g. nerol, citronellol) depends on plant origin and harvest¬ 
ing time. 

Good-quality drugs should yield up to 0.2% essential oil with 30%-40% citronellal and 
20%-30% citral (see Fig. 14, track 2). In lower-quality oils, such as sample l> the amount 
of terpene alcohols dominate. 

Java citron el la oil (2) resembles official melissa oil 1 in its chromatographic picture, but 
has a higher content of citronellal (Tl) and geraniol (R f ~ 0,2), 

Commercial lemon oil (see note) (3) and lemon grass oil (4) are characterized by citral 
(R, ~ 0.5/T2). The oils 2 and 4 are used as substitutes of Melissae aetheroleum. 

Note : A TLC comparison between the different qualities of distilled and squeezed lemon 
oils is given in Figs. 17 and 18. 


Lavandulae flos and commercial oils (Lamiaceae) 

1 Lavandulae flos (steam distillate) 4 French Mt. Blanc oil (commercial oil) 

2 Lavandin oil (commercial oil) 5 Spike Lavender (commercial oil) 

3 Barreme oil (commercial oil) 6 Lavender oil (L. angustifolium) 

Tl linalyl acetate T3 linalool ► linalyl acetate 

T2 linalool 

Fig. 16 toluene-ethyl aceta te (93:7) 

Vanillin-sulphuric acid reagent (VS No. 42)-» vis 


Lavandulae aeth. (l) of fresh distilled Lavandulae flos is characterized by the prominent 
blue zones of linalyl acetate (R r ~ 0.75/Tl), linalool (R f - 0.3/T2) and a further terpene 
alcohol at R f — 0.2 (e.g. nerol, geraniol). 

Commercial lavandin oil (2) contains cineole, a blue zone directly above linalool, in 
almost equal concentration as linalool and linalyl acetate. 

Lavandin (2), Barreme (3), French Mt. Blanc (4) and lavender oil (6} are qualitatively 
alike in the main zones, with quantitative differences in the amount of linalyl acetate, 
linalool, cineole and epoxidihydrocaryophyllene at R f 0.5-0.55 characteristic red-violet 
zone in the commercial oil samples 2-6. Spike lavender oil (5) has an almost equal 
linalool and cineol content. Linalyl acetate is absent. 
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Aurantii and Citri pericarpium 


Drug sample 
(essential oils) 


1 Aurantii peric. (steam distillate) 

2 Aurantii peric. (oil, bitter) 

3 Aurantii peric. (oil, sweet) 

4 Citri peric. (steam distillate) 

5 Citri aeth. (oil, squeezed) 

6 Citri aeth. (messina oil) 

7 Aurantii flos aeth. (neroli oil) 


8 Citri var. bergamiae aeth. (bergamot) 

9 Citri var. bergamiae aeth. (petit grain) 

10 Aurantii pericarpium (MeOH extract 
1 g/10ml, 20 pi) 

11 Citri pericarpium (MeOH extract 
1 g/10 ml, 20 pi) 


Reference 

Tl citral 


Solvent system 

Fig. 17 

toluene-ethyl acetate (93:7) 

Fig. 18A 

toluene-ethyl acetate (93:7) 


B 

ethyl acetate-formic acid-water (67:7:26/upper phase) - j 

Detection 

Fig. 17 

Vanillin-sulphuric acid reagent (VS No. 42) ->vis 


Fig. 18A 

UV-365 nm 


B 

Natural products reagent (NP/PEG No. 28)—■> UV-365 nm 


polar system 


Pig. 17A Aurantii pericarpium (2,3) and Citri pericarpium sample (5) are volatile oils squeezed 
from fresh peels. They contain a higher amount of limonene, seen as a grey-violet zone 
at the solvent front, than their steam distillates (1,4). 

The oil samples 1-3 show up to ten minor grey and red-violet zones of terpene alcohols 
(R, 0.1-0.4) and terpene aldehydes (R r 0.5-0.65). 

Citri oil (4) has four prominent greyish-blue zones (R r 0.2/0.3/0.45/0.6), while in Citri 
sample(5) citral (R f — 0.45/T1) and limonene at the solvent front are equally concen¬ 
trated. Commercial Messina oil (6) shows a deviating TLC pattern with approximately 
ten zones in the R, range 0.1-0.6. 

B Neroli oil (7), obtained either by extraction, the enfleurage process or by distillation 
from fresh orange blossoms, contains like the lavender oils (see Fig. 16) the blue zones 
oHinalyl acetate (R, ~ 0.6) and linalool (R r — 0.3) as main constituents, a further terpene 
alcohol at R, ~ 0.15 and a yellow-red pigment zone at R,0,45. 

Bergamot oil (8) also has linalyl acetate and linalool as major compounds, whereas petit 
grain oil (9) contains mainly linalyl acetate besides a minor terpene alcohol (R f ~ 0.15). 

Fig. 18 Aurantii pericarpium (1.3) 

A For essential oils squeezed from fresh peels, such as samples (2) and (3), the blue 
fluorescent zones of methyl anthranilates, coumarins and methoxylated lipophilic 
flavonoids (e.g. sinensetin) are characteristic. Sample 2 has up to six, sample 3 shows two 
to three blue fluorescent zones, while in distillate 1 only one weak zone at R r ~ 0.4 is 
seen. 

Citri pericarpium (5-6) 

The samples 5 and 6 show the coumarins bergamottin (a), geranyi methoxy coumarin 
(b), citropten (c) and a psoralen derivative (d) in the R, range 0.1-0.5. 

B Flavonoids 

A methanolic extract of Aurantii pericarpium (10), developed in the polar solvent system 
shows the blue fluorescent anthranilate and coumarin zones in the R r range 0.8-0,99. 
Additional blue and orange-yellow fluorescent zones of ilavanon and flavanonol glyco¬ 
sides are seen at R, 0.05-0.25. (For separation of flavonoid glycosides, see Section 7.1.7) 
Fig. 23). The flavonoid zones of the Citri pericarp methanolic extract tl are less promi¬ 
nent than those in extract 10. The blue coumarin zones are found at the solvent front. 
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Salviae folium 

Eucalypti folium Essential oils with cineole 


Drug sample 
(essential oil) 


Reference 

compound 


1,2 Salviae aeth. (Dalmatian oil I/TI) 

3 Salviae aeth. (Greek oil, DAB 10) 

4 Salviae aeth. (commercial sage oil) 

5 Salviae aeth. (Spanish oil) 

6,7 Salviae aeth. (Greek oil 1/11) 

8 Eucalypti aeth. 

Tl a-f$-thujone = {(-)-thujone > 35%, ( + )-thujone > 65%) 
T2 cineole 


Solvent system Fig. 19, 20 toluene-ethyl acetate (93;7) 


Detection V Vanillin-sulphuric acid reagent (VS No. 42) -»vis 
P Phosphomolybdic add reagent (PMA No. 34) -»vi*s 


Fig. 19 Commercial Salviae aetherolea (1-3) (sage oils) can be classified according to their 
content and percentage of thujone (Tl/a), cineole (T2/c) and bornyl acetate (b). 

The essential oil constituents react with VS reagent as blue or violet-blue stones. Thujone 

(a) is more easily detectable as a violet-blue zone with PMA reagent. All terpenes show 
a blue to violet-blue colour in vis. 

VS reagent in combination with PMA reagent, vis 

Dalmatian sage oil (1,2) contains thujone (a) as major constituent with lower amounts 
of cineole (c), two terpene alcoholes (R r G.2-0.4) and THC at the solvent front, 

Greek sage oil (3) contains mainly cineole (c), only traces of thujone (a), two to three 
terpene alcohols (R r 0.2-0.4) and THC at the solvent front. Bornyl acetate (b) moves 
directly ahead of the thujone zone (a). 

Fig. 20 TLG synopsis of sage oils (PMA reagent, vis) 

In many commercial salvia drug preparations or essential oils, thujone and cineole are 
present in approximately equal concentrations (4). 

Spanish oil (5) can be different iated from the Greek oil 6 by a lower content of cineole (c) 
and by the absence of thujone (a). Bornyl acetate (b) and four terpene alcohols are 
detectable in the R ( range 0.2-G.4, 

Greek oil (6) shows cineole (c) as major zone, traces of thujone (a) and bornyl acetate 

(b) , two to three terpene alcohols (R, 0.2-0.4) and THC at the solvent front. In Greek oil 
sample (7) thujone is missing and cineole is less concentrated than in (6). 

Eucalypti folium aeth. 

Sample (8) is characterized by the major zone of cineole at R f ~ 0.5 (T2/a)> two minor 
zones of terpene alcohols (R f — 0.25-0.35) and THC at the solvent front. In the R, range 
of thujone and bornyl acetate no prominent zones are found. 
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Fig. 19 


Fig. 20 










186 


Drug sample 
(essential oil) 

Reference 

compound 

Solvent system 
Detection 

Fig. 21 


Drug sample 
Reference compound 
Solvent system 

Detection 

Fig. 22 A 

B 

C 

D 


Matricariae flos Essential oils With sesquiterpenes 
1 Matricariae flos (steam distillate/5 pi) 

2-13 Matricariae flos (steam distillates/5 |il various origin of drugs) 

T1 bisaholol oxide A 

T2 bisabolol (R, 0.35) ► azulene (R, 0.85) T3 bisabolol oxide A (I) ► bisabolol (111) 

(R f - 0.35) 

Fig. 21 toluene-ethyl acetate (93:7) 

Vanillin-sulphuric add reagent (VS No. 42) —»vis 


Official Matricariae flos aetheroleum (1) is characterized by the following zones: 


1 

bisabolol oxide A/B 

R ( 

- 0.2 

yellow-green 

11 

spathulenol 

R, 

- 0.25 

violet 

m 

bisabolol 

R, 

- 0.35 

violet 

IV 

polyines 

Rr 

- 0.5 - 0.6 

brown 

V 

azulene 

R f 

-0.95 

red-violet 

VI 

THC, faraesene 

Rr 

- 0.99 

blue-violet 


TLC synopsis: The steam distillates of 13 chamomile flowers of the trade market show a 
different qualitative pattern of the main constituents. 

All oils of good quality, according to most pharmacopoeias, contains the compounds l- 
VI in high concentration, e.g. oils 1 and 6. 

The oils 8-10 have less concentrated zones in the R, range 0.2-0.5, but prominent zones 
of azulene and THC at the solvent front. Oils 5 and 13 show a high polyine (IV) content, 
while oils 8 and 9 have hardly any polyines, but a relatively high amount of azulene (V) 
and bisabolol oxides A/B (I). Oil 12 has a higher amount of bisabolol. 

Oils with a generally low concentration of the constituents IT, IV and V (e.g. oils 2-4) or 
azulene free (e.g. 7) are considered as oils of inferior quality and are not accepted by 
most of the pharmacopoeias. 


Anthemidis and Gnae flos 

I Anthemidis flos (DCM extract) 2 Cinae flos (DGM extract) 

Tl linalool 12 cineole T3 u-santonin 

Fig. 22 A-C toluene-ethyl acetate (93:7) 

D dichloromethane 

A I B Vanillin-sulphuric acid reagent (VS No. 42) -^vis 
C-i-D Phoshormoiybdtc acid reagent (PMA No. 27) ->vis 

Anthemidis flos (t) is characterized by prominent grey-violet ester zones at R, 0.8-0.9 
(e.g. butyiangelat) and a blue zone at R f 0.2 In the range of linalool (Tl). The drug is 
sometimes used as a substitute for Matricariae flos. 

Cinae flos (2) shows cineole as the major blue zone at R f 0.45 (T2) and a-santonin at R f 
0.1 (T3) (VS reagent). 

With PMA reagent thujone is detectable at R f ~ 0.55 as a violet-blue zone; a-santonin 
and cineole (T2) get dark blue. 

Separation in dichloromethane shows a-santonin at R f - 0.3 (T2), cineole at R f - 0.7 and 
thujone at R f — 0.85. 
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Fig. 21 


Fig. 22 







188 


Drug sample 
(essential oil) 


Reference 

compound 

Solvent system 

Detection 


Fig. 23A 


Fig. 24A 


Fig. 23, 24B 


Curcumae rhizoma Essential oils with sesquiterpenes 

I Curcumae domesticae rhizoma (steam distillate) 

2-4 Curcumae xanthorrhizae rhizoma (steam distillate) 

5 Curcumae domesticae rhizoma (MeOH extract, 1 g/5 ml; 5 min/60° } 15 pi) 

6 Curcumae xanthorrhizae rhizoma (MeOH extract, 1 g/5 ml; 5 min/60°, 15 pi) 

T1 thymol (~R r range of xanthorrhizol) 

T2 cur cumin 

T3 fluorescein (~-R r range of bisdernethoxycurcumin) 

Fig, 23A, 24A toluene-ethyl acetate (93:7) 

Fig. 23 B, 24B chloroform-ethanol-glacial acetic acid (95:5:1) 

Fig. 23A Vanillin-sulphuric acid reagent (VS No. 42) -4vis 

Fig. 24A Fast blue salt reage nt/NH ; , vapour (FBS No. 15) ~->vis 
Fig. 23B, 24B UV-365 mn (without chemical treatment) 


Essential oils (VS reagent, vis) 

The curcuma oils 1-4 show seven to eight blue, red or violet-blue zones in the R, range 
0.3 up to the solvent front with a prominent sesquiterpene zone at R, — 0.8 and at the 
solvent front. Oils 2 and 4 have a characteristic high concentration of zingiberene at the 
solvent front. THC is present at a low concentration in oils 1 and 3. 

The phenolic sesquiterpene xanthorrhizol is found as a blue-violet zone at R, — 0.55, 
directly above the reference compound thymol (Tl). 

Essential oils (FBS reagent, vis) 

Xanthorrhizol is a characteristic constituent of C. zanthorrhiza. Due to the phenolic 
structure xanthorrhizol and the reference compound thymol (Tl) react to give an in¬ 
tense violet-red when treated with the FBS reagent 

The distillates 2 and 4 from G. zanthorrhiza show xanthorrhizol as a prominent zone at 
Rf ~ 0.55, in lower concentration in oil 3, distilled from commercial C. xanthorrhiza. In 
oil 1 from Curcuma domestica, only weak red zones can be detected. Very often trade 
samples are mixtures of both turmeric rhizomes. 

Pigments (UV-365 run) 

Another identification method of turmeric is by the detection of the characteristic yellow 
pigments in methanolic extracts. 

Curcuma domestica extract (5) shows five yellow-white fluorescent zones (yellow/vis) 
with curcumin (T2) at R f — 0,6, demethoxycurcumin directly below (R f 0.5-0.55) and 
bisdernethoxycurcumin at ~ 0.3 (T3). 

Curcuma zanthorrhiza extracts (6) contain mainly curcumin (T2) with a small amount 
of demethoxycurcumin. No prominent zone should be present in the R r range of the 
reference compound fluorescein (T3). 
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Fig- 23 


Fig. 24 
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Drug sample 
(essential oil) 

lest 

Solvent system 
Detection 
Fig. 25A 


B 


Drug sample 
(essential oil) 

Reference compound 

Solvent system 

Detection 

Fig. 26 


Juniperi aetherolea, Myrrha 

] Juniperi aetherol. (ex fructu) 3 Juniperi aetherol. (commercial oil) 

2 Juniperi aetherol (ex iigno) 4,5 Myrrha 

T.1 linalool ► car von ► thymol ►Itnalyl acetate ► anethole 
Fig. 25 toluene-ethyl acetate (93:7) 

Anisaldehyde-sulphuric acid reagent (AS No. 3) A vis B UV-365 nm 

Juniperi fructus aeth. (1) generates six to seven blue, grey or violet zones in the Rj range 
0 . 2 - 0 . 7 : 

terpetie alcohols (e.g, borneol, terpineol; R, 0.15-0.25; T1 /linalool), terpene aldehydes 
and ketones R, 0.45; Tl/carvon, terpene esters (e.g. bornyl and terpinyl acetate; R t 0.65; 
T1/1 in alyl acetate) and terpene hydrocarbons at the solvent front. 

Juniperi lignum aeth. (2) shows a similar pattern, but the esterzone (R, 0.65} compared 
to J is missing. Commercial Juniperi fructus oil (3) is comparable to 1, but the terpene 
compounds are present in a slightly lower concentration. 

Myrrha (4, 5) are characterized by furano sesquiterpenes seen as violet zones at R i 0.6- 
0.7 and at R f 0.25 (vis). 

All zones can be more easily detected under U V-365 nm. A band of blue and violet-pink 
lino rescent zones, mainly in the R, range 0.2-0.75 with three pairs of zones in the R, range 
0.1-0.15 and 0.2-0.25 (e.g. curzerenone, methoxyfuranodiene) and at R, 0.55-0.65 (e.g. 
furanoeudesma-1,3-diene) are seen. 


Benzoin and Balms 

1 Banzoe Sumatra 3 Tolutanum balsamum 

2 Benzoe tonkinemsis (Siam) 4 Peruvian um balsam um 

Tl eugenol 

Fig. 26 toluene-ethyl acetate (93:7) 

A UY-254iun B Vanillin-sulphuric acid reagent (VS No. 42) —>vis 
C Phosphomolybdic arid reag. (PMS No. 34) —»vis 

Benzoins (1,2) and balms (3,4) are characterized by a series of free adds and esters: 

benzoic acid, cinnamic acid R f — 0.05-0.1 

coniferyl cinnamate, cinnamoyl cinnamate, propyl cinnamate R f ~ 0.25-0.3 

cinnamoyt benzoate, coumaroyl benzoate, benzoyl benzoate R r ~ 0.7-0.B 

These compounds show prominent quenching in UV-254nm (A), all turn violet blue 
with VS-reagent (B) or get dark blue with the PMS-reagent (C) 

in the samples 1, 3 and 4, the benzoates in the R f range 0.7-0.8 dominate, while in (2) 
coniferyl benzoate in the R, ~ range 0.35 is the major zone. In pern balm 4, the benzoyl 
benzoate and benzoyl cinnamate mixture (— cinnamein) is more highly concentrated 
and, in addition, nerolidol at R f ~ 0.35 is detectable (->C). 
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Pini aetherolea 
Terebinthinae aetherolea 


Commercial oil 


t Pini sibirici aetheroleum 

2 Pini pumilonis aetheroleum 

3-5 Pini aetheroleum 
6,7 Terebinthinae aetheroleum 


Reference Tl bornyl acetate 

compound T2 borneol 

T3 linalool (R ( ~ 0.35) ► carvon (R r ~ 0.5) ► thymol (R f ~0.55) ► 
linalyl acetate (R f — 0.7) ► anethole (R t — 0.9) 

Solvent system Fig. 27, 28 toluene-ethyl acetate (93:7) 


Detection Anisaldehyde-sulphuric acid reagent (AS No. 3) 
Fig. 27 ► vis. 

Fig. 28 ► UV-365 nm 


Fig. 27 Pini aetherolea (1-5) 

All samples are characterized by a prominent brown ester zone at R f ~ 0.75 due to bornyl 
and/or terpinyl acetate and the violet zones of ter penes (e.g. cadinene) at the solvent 
front. The pattern and amount of blue and violet-blue zones in the R f range 0.4-0.6 and 
the zones of terpene alcohols (e.g. borneol T2, terpineol) in the R, range 0.25-0.4 varies 
in the commercial oil samples 1-5. 

Therebinthinae aetherolea (6-7) 

The commercial oil sample 7 shows three blue to red-violet terpene alcohols at R, 0.2-0.3; 
a prominent violet-brown zone at R, 0.5 in the R f range of the carvon test (T3), two 
minor grey zones in the R f range of terpene esters (T3/lmalyl acetate) and terpene zones 
at the solvent front. 

Fig. 28 Pini aetherolea (1 -5) 

The THC zone at the solvent front, the prominent ester zone at R r — 0.75 and some 
terpene alcohols in the lower R f range show a red-brown fluorescence. In addition red, 
violet, blue and green-blue fluorescent zones in the lower Rf range are seen. 

The fluorescence of the zones changes after spraying with the AS reagent, but reaches 
stable fluorescence after 30-60 min. 

Therebinthinae aetherolea (6-7) 

The zones fluoresce in UV-365 nm mostly light yellow-brown in the upper R f range and 
more red or blue-violet and red-brown in the lower R, range. 

Oils of good quality are characterized by a relatively prominent THC zone, e.g. a-pinene, 
a-/p-phellandren, limonene and a lower content of terpene alcohols in the R f range 
0.2-0.4. 








T1 


3 4 5 T2 T3 6 7 


Fig. 28 







7 Flavonoid Drugs Including Ginkgo Biloba 
and Echinaceae Species 


7.1 Flavonoids 


The main constituents of flavonoid drugs are 2-phenyby- benzopyrenes (2-phenyl- 
chromones) or structurally related, mostly phenolic, compounds. 

The various structure types of flavonoids differ in the degree of oxidation of the 
C ring and in the substitution pattern in the A and/or B rings (see 7.1.5 Formulae). Most 
of these compounds are present in the drugs as mono- or diglycosides. 


7*1.1 Preparation of Extracts 

Powdered drug (Ig) is extracted with 10ml methanol for Smin on a water bath at 
about 60 C and then Altered; 20-30 pi is used for chromatography (flavonoid 
content, 0.5%-1.5%). This rapid method extracts both lipophilic and hydrophilic 
flavonoids. 

A total of 5 ml of the methanolic extract (see "General method”) is concentrated to about 
2 ml; 1 ml water and 10ml ethyl acetate are added and shaken several times. The ethyl 
acetate phase is separated and reduced to a volume of 1 ml, and 10pi is used for TLC 
investigation. 

Powdered drug (1 g) is first defatted by heating under reflux for 30 min with 50 ml light 
petroleum. The petroleum extract is discarded and the drug residue is heated under 
reflux for 15min with 10 ml methanol. The filtrate is concentrated to 5ml, and 30 pi is 
used for chromatography. 

Powdered drug (1 g) is extracted by shaking for 15 min with 10 ml dichloromethane; 30 pi 
of the filtrate is used for chromatography. 

Powdered drug (2g) is extracted by heating under reflux for about 20 min with about 
40 ml light petroleum on a water bath. The clear filtrate is concentrated to about lml, 
and 30 pi is used for chromatography. 

A total of 30 ml hot water is added to 2,5 g powdered drug. After 5 min, the mixture is 
filtered through a wet filter with additional washing of the filter with 10 ml water; 15 ml 
CHClj is then added to the water extract and shaken carefully several times. The CHC1, 
phase is separated and reduced to dryness. The residue is dissolved in 0.5 ml CHCh and 
10-30 pi is used for TLC. 


General Method 


Enrichment with 
ethyl acetate 


Cardui mariae 
fructus 


Orthosiphonidis 

folium 

Far far ae folium, 
Petasitidis folium 
(test for petasins) 

Arnicae flos (test 
for sesquiterpene 
lactones) 
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Crataegi folium 
Lespedezae herba 
(Procyanidmes) 


Reference 

compounds 


Adsorbent 

Chromatography 

solvents 


Powdered drug (5 g) is extracted with 75 ml ethanol (45%) for 1 h under reflux. The 
filtrate is evaporated to approximately 20 ml and transferred into a separation funnel; 
30 ml dichloromethane and 2 ml ethanol are added and shaken for 5 min, and the lower 
phase is discarded. Another 20 ml dichloromethane is added, and after shaking the lower 
phase is removed. This is repeated twice. The resulting extract is evaporated to approxi¬ 
mately 10 ml. 

A total of 5g polyamide powder (trade quality) is added to the extract and thoroughly 
mixed, and the mixture is filled in a glass column (diameter, 1 cm; length, 15 cm) and 
eluted in three steps: 

fraction 1: elution with 300 ml ethanol —> contains mostly flavonoids. 
fraction 2: elution with 100ml ethanol-acetone-water (80:16:4) contains mostly 
dimeric and oligomeric procyanidmes. 

traction 3: elution with 120 ml of acetone-water (7:3) —> contains polymeric 
procyanidmes. 

Each fraction is evaporated to dryness and dissolved in 5 ml ethanol; 10-30 pi is used for 
TLC comparison. 

7.1.2 Thin-Layer Chromatography 

Standard compounds are prepared as 0.05% solutions in methanol, and 10j.il is used for 
chromatography. The average detection limit for flavonoids is 5-lGpg. 

For a general description of the flavonoid pattern of a drug, 10pi of a mixture of the 
compounds rutin, chlorogenic acid and hyperoside is used for TLC (test mixture Tl). 

Silica gel 60 F r ,,rprecoated TLC plates (Merck, Germany). 

• Ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

► suitable as a screening system for the TLC investigation of flavonoid glycosides. 

• Ethyl acetate-formic acid-glacial acetic acid-ethylmethyl ketone-water (50:7:3:30:10) 

► by addition of ethylmethyl ketone rutin and vitexin-2"-0-rhamnoside can be 
separated. 

• Chloroform-acetone-formic add (75:16.5:8.5) 

► separation of flavanolignans of Cardui mariae fructus and amentoflavone, 
scopoletin and catechin of Viburni cortex. 

• Chloroform-ethyl acetate (60:40) 

► separation of flavonoid aglycones of Orthosiphonidis folium or Aurantii 
pericarpium. 

• Chloroform (100) 

► separation of petasines in Petasitidis species, adulterants of Farfarae folium. 

• benzene-pyridine-formic acid (72:18:10) 
toluene-ethyl formiate-formic acid (50:40:10) 
toluene-dioxan-glacial acetic acid (90:25:4) 

► separation of flavonoid aglycones. 


7.1.3 Detection 

The solvent (acids) must be thoroughly removed from the silica gel layer before 
detection. 
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* U'V-254nm All flavonoids cause fluorescence quenching. 

* UV-365 nm Depending on the structural type, flavonoids show dark yellow, green 

or blue fluorescence, which is intensified and changed by the use of 
various spray reagents. 

Flavonoid extracts often contain phenol carboxylic acids (e.g. caffeic acid, chlorogenic 
acids) and coumarins (e.g. scopoletin), which form blue fluorescent zones. 


• Spray reagents (see Appendix A) 


* Natural products reagent (NIVPEG No. 28) 

- Typical intense fluorescence in UV-365 nm is produced immediately on spraying. 
Addition of polyethylene glycol solution lowers the detection, limit and intensifies 
the fluorescence behaviour, which is structure dependent. 


Flavonols: quercetin, myricetin and their glycosides 

kaempferol, isorhamnetin and their glycosides 
Fklvones: luteolin and their glycosides 

apigenin and their glycosides 


orange-yellow 
yellow-green 
orange 
yellow-green 


- Fast blue salt B (FBS No. 15) 

Blue or blue-violet (vis) azo-dyes are formed. The colour can be intensified by 
further spraying with 10% sodium hydroxide or potassium hydroxide solution. 


7.1.4 Drug List 


Grouping of drug chromatograms according to plant parts and in alphabetical order; 


Flos: 

Folium, Herba: 
Gemma, Pericarpium: 
Drugs with aglycones: 


Figs. 3“ 11 
Figs. 11-22 
Figs. 21-24 
Figs. 24-26 


For explanation of trivial names see 7.1.5 Formulae. 


Drug/plant source Main flavonoids and other 

Family/pharmacopoeia specific constituents 


Arnicae flos 
Arnica, Celtic, bane 
Arnica montana L. 

Arnica chamissonis LESS 
ssp. foiiosa ssp. chamissonis 
Asteraceae 


DAB 10, OAB 90, 
Helv VO', MD 


Acaciae robiniae flos 

Acacia flowers 
Robinia pseudoacacia L. 
Fabaceae 


0,4%-0.6% total flavonoids Fig. 3,5*6 

Quercetin-3-O-glucoside and 

-3-O-glucogaIacturonide, luteolin-7-O-glucoside, 

kaempferol-3-O-glucoside 

0.2%-1.5% sesquiterpene lactones 

(pseudoguainolide type) helenaline, 

1 la, 13-dihydrohelenaIine and esters 
Adulterants: e.g. Calendulae, Farfarae flos 
Heterothecae inuloidis flos, (see Figs. 5,6) 

Kaempferol-3-O-rhamnasylgaIactosyl-7- Fig. 9 

rhamnoside (-robinin), acacetin-7-O- 
rutinoside, acaciin 

(Acaciae farnesinae flos, true Acaciae flos) 

Adulterant; Pruni spin os ae flos (see Fig. 9) 
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Fig. 4 


Fig. 7,8 


Fig.7 } 8 


Fig. 15 


Fig.11,12 


Dmg/plant source Main flavonoids and other 

Family/pharmacopoeia specific constituents 


Anthemidis flos 

Chamomile (Roman) 
Chamaemelum nobiie (L.) 
ALL. (syn. Anthemis 
nobilis L,) 

Asteraceae 

DAB 10, OAB 90, Helv VII, 
BP 88, MD 


Q.5%-1% total flavonoids 
Apigenin-7-O-glucoside and-7-apiosyI- 
glucoside (=apiin) 

Quercelin-3-Orhamnoside (- quercitrin), 
luteolin-7-O-glucoside, caffeic and ferulic 
acid (free acids and as giucosid.es) 

► Coumarins: scopofetin-7-o-glucoside 

► Essential oil (see Chap. 6) 


Cacti flos 

Night-blooming Cere us 
Selenicereus grandiflorus (L.) 
BRITT, et ROSE 
Cactaceae 


1 %— 1.5% total flavonoids 
Isorhamnetin-3-O-galactoside (^cacticin), -3-0 
galactosyl-rutinoside, -3-O-rutinoside 
(^narcissin), -3~0-xylosyl-ru tinoside 
Rutin 


Calenclulae flos 
Marigold flowers 
Calendula officinalis L, 
Asteraceae 


Crataegi flos, C. folium 

Hawthorn flowers DAC 86 
Hawthorn leaves, Helv VII 
Crataegi folium C. Bore 
Hawthorn herb DAB 10 
Crataegi fructus 
Hawthorn fruits MD 
Crataegus species e.g. 
Crataegus laevigata DC 
Crataegus azarolus L. 
Crataegus pentagyna, C, nigra 
WALDST. et KIT. 

Rosace a e 


0.3%'-0.6% Isorhamnetin glycosides 
I-3-O-glucoside, 1-3-0-rutin oside 
(=narcissin), 1-3-O-rutinosyl-rham noside 
Quercetin-3-O-glucoslde and 3-O-gIuco- 
rhamno&ide (<0.2%) 

► Saponins: oleanolic acid glycosides 
(“calendulosides) 


l%-2% total flavonoids 

0.25% quercetin glycosides: hyperoside, rutin, 
quercetin-rhamnogalactoside and-4'- 
glucoside (^spiraeoside); 
methoxykaempferol-3-O-glucoside 
Flavon-C-glycosides: vitexin, vitexin-2"-Q- 
rhamnoside, monoacetyl-vltexin- 
r ham noside, isovitexin-rhamnoside, 
vincen in-2, schaftoside, isosch a Reside 
l%-3% procyanidines: e.g. dimeric 
procyanidine B-2 (0.05%-0.25%, leaves) 


Farfarae flos 
Coltsfoot flowers 
Helv VII, China 
Farfarae folium 
Coltsfoot leaves DAB 10 
Tussdago farfara L. 
Asteraceae 


0.05%-0.2% Quercetin glycosides: 

rutin, hyperoside and isoquercetin in varying 

concentrations in both drug parts 

Phenol carboxylic adds 

Adulterant: Petasitidis folium (see Fig. 12, 

7.1.4 Drug List) 
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Drug/plant source 
Family/pharmacopoeia 

Main flavonoids and other 
specific constituents 


Heterothecae flos 

► see Arnicae flos 

Fig. 5,6 

Matricariae flos 

Chamomillae flos 

German chamomile flowers 
Chamomilla recutita (L.) 

S. RAUSCHERT (syn. 

Matricaria chamomilla L.) 
Asteraceae 

DAB 10, OAB 90, Helv VII, 

BP 88, MD 

0.5%-3% total flavonoids 

Apigenin-7-0-glucoside (~ 0.45%), 
querci men trio, luteo 1 in-7-O-glue 0 side, 
patuletin-7-O-gIucoside, and seven 
flavonoid aglycones 

Adulterant: Anthemidis flos 
► Essential oil (see Chap. 6) 

Fig. 4 

Primulae tlos 

Primrose flowers, cowslip 
Primula veris L. 

Primula elatlor (L.) HILL 

Prim u lace ae 

Quercetin and kaempferol glycosides (0.05%): 
kaempferol-O-dirham noside, k-3-O- 
gentiotnoside, k-Lriglucoside; 
gossypetin-dimethylether 

Fig. 7,8 

Primulae radix 

Saponins (see Chap. 14, Fig, 3) 


Pruni spinosae flos 

Acaciae germanicae flos 
Blackthorn flowers 

Primus spinosa L. 

Rosaceae 

DAC 86 

Quercetin glycosides: rutin, hyperoside, 
quercitrin, quercetin-3-O-arabmoside 

Kaempferol -3,7-O-dirhamnoside, 
k-3-O-rhamnoside and -3-O-arabinoside 

Fig. 9 

Robiniae flos 

► see Acaciae flos 

Fig. 9 

Sambuci flos 

Elder flowers 

Sambucus nigra L. 

Sambucaceae (Caprifoliaceae) 
OAB 90, Helv VII, DAC 86, 

MD (fruit), BHP 83 

1.5%-2% total flavonoids 

Quercetin glycosides: hyperoside, rutin, 
quercitrin, isoquercitrin 
Kaempferol-7-O-rhamnoside 

3% phenol carboxylic acids: chlorogenic, 
caffeic and ferulic acid and their esters 

Fig. 9 

Spiraeae flos 

Meadow-sweet flowers 
Filipendula ulmaria (L.) 

MAXIM 

Rosaceae 

Helv V 

3%-5% total flavonoids 

Quercetin-4'-O-glucoside (=spiraeoside 3%), 
hyperoside, quercetin-3-O-arabinoside, 
-3-O-glucuronkle, rutin 

Kaempferol glycosides 
► 0.6%-0.8% salicylic acid and its 

Fig. 9 


methylester (0.14%) 
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Drug/plant source 
Family/pharmacopoeia 

Fig. 3,4 Stoechados flos 

(syn. Helichrysi flos) 

Yellow chaste weed 
Everlasting Cats foot, 
Helichrysura arenarium (L.) 
MOENCH 
Asteraceae 


Main flavonoids and other 
specific constituents 

>0.4% total flavonoids 
Kaempferol-3-O-glucoside and -3-0- 
diglucoside; quercetin-3-O-gtucoside; 
luteolin-7-O- and apigenin-7-O-glucoside 
Helichrysi,n A, B: 

A = (+)-naringenin-5-(3-0-D-glucoside 
B = (—)-naringenin-5-p-O-D-glucoside 
(syn. salipurposide) 

2' ,4,4' ,6' -tet rahydr oxych al co n-6' - 0 -glucoside 
(=isosalipurposide) 


Fig, to Tiliae flos 

Lime flowers 
Tilia cordata MILL. 

Tilia platyphyilos SCOP. 

Tiiiaceae 

DAB 1.0, CAB 90, 

HelvVILMD 


~1% total flavonoids 
Quercetin glycosides: quercitrin, 
isoquercitrin, q-3-0-glucosyl-7-0- 
rhamnoside 

Kaempferol glycosides: k-3-O-glucoside, 

-3-0-rhamnoside, -3-0-glueosyl-7-0- 
rhamnoside, -3,7-O-dirhamnoside, 
k-3-0-[6-(p-coumaroyl)]-glucoside (- tiliroside) 
Myricetin -3-0-glucoside, -3-0-rhamnoside 
Adulterant: Tilia argentea 


Fig. 3>4 Verbasci flos 

Mullein, torch weed flowers 
Verbascum densiflorum 
BERTOL. 

Scrophulartaceae 
DAC 86, 0AB 90, Helv VII 


1.5%-4% total flavonoids 

Rutin, hesperidin, apigenin-, luteolin-7-O- 

glucoside, kaempferol; 

Phenol carboxylic acids 
Adulterant: Primulae and Genistae flos 
► Bitter principle: Aucubin (see Fig. 5,6, 
Sect 3.7) 


Folium 


Fig. 13 Betulae folium 
Birch leaves 
Betula pendula ROTH 
B, pubescens EHRHART 
B etui ace a e 

DAB 10, C)AB 90, Helv VII 


1.5%-3% total flavonoids 
>1.5% Quercetin glycosides: 

Quercitrin, isoquercitrin, hyperoside, rutin, 
quercetin-3-O-arabinoside (=avicularin) 
Myricetin-3-O-galactoside and -digalactoside 
Kaempferol-3-0-glucoside and rhamnoside 
Isorhamnetin-3-O-galactoside, hesperidin 
Chlorogenic and caffeic acid 
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Drug/plant source 
Family/pharmacopoeia 

Castaneae folium 
Chestnut leaves 
Castanea sativa MILL. 
Fagaceae 
(Cupuliferae) 


Crataegi folium 

Farfarae folium 

juglandis folium 
Walnut leaves 
juglans regia L. 

Juglandaceae 
DAC 86, MD (oil) 

Petasitidis folium 
Butter bur or umbrella leaves 
Beta sites hybrid us (L.) 
GAERTN., 

MEYER et SCHERB. 
Asteraceae 
Petasitidis radix 


Rubi fruticosi folium 

Bramble (Blackberry) leaves 
Rubus fruticosus L. 

Rosaceae DAC 86 

Rubi idaei folium 
Raspberry leaves 
Rubus idaeus L. 

Rosaceae 

Ribis nigri folium 
Black current leaves 
Ribes nigrum L. 

Gross ulariaceae 


Main flavonoids and other 
specific constituents 

>1% total flavonoids 
Quercetin glycosides: isoquerritrin, rutin, 
q-3-O-glucuronide (^miqueiianin), 
q~3~CLgalactopyranoside (- hyperi n) 
Kaempferol-glycosides: astragalin, k-3-0-[6- 
(p-coumaroyl)]-glucopyranoside 
(^tiliroside), k~3~0-[6-(p-coumaroyl)b 
rhamnoglucoside; 3-O-p-coumaroylquinic 
acid 

6%~8% Tannins 


► see Crataegi fios 

► see Farfarae flos 


2%-3% total Bavonoids 
Quercetin glycosides: hyperoside (>0*2%), 
quercitrin, avicularin 
Kaempferol-3-O-arabmoside 
Neochlorogenic, caffeic and gallic acid 


Flavono! glycosides: isoquercitrin, astragalin 
Ester of sesquiterpene alkohols (eremophilans), 
petasol, neo- and isopetasoi, methaerylpeiasol, 
angeloylneopetasol, petasin, isopetasin 
Petasin-free race (™fu ran-race) contains 
furanoeremophilanes 

-20 petasins (e.g. petasin, iso and 8-petasin) 


Flavono! glycosides 
Phenol carboxylic acids 
Gallotannins (>10%) 


—0.2% total flavonoids 
Quercetin glycosides 
Gallo-, ellag tannins 


1%~1.5% total flavonoids 
Quercetin-, kaempferob, myricelin and 
isorhamnetin glycosides 
Procyanidines (dimeric, trimeric) 


Fig. 14 


Fig. 13 
Fig. 11,12 
Fig. 13 

Pig. 12 

Fig. 13 

Hg. B 

Fig. 13 
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Fig, 21 


Fig. 17,18 


Fig. 18 


Fig. 16 


Fig. 21 


Drug/plant source 

Family/ph armacopoeia 

Main flavonoids and other 
specific constituents 

Herba 


Aiiserinae herba 

Silverweed 

Potentiila anserina L. 

Rosaceae 

DAC 86 

Quercetin-3-O-glucoside and -3-0- 
rhamnoside 

Myricetin and myricetin-rhamnoside 

Ellagtannins (6%-10%) 

Equiseti herba 

Common horsetail 

Equisetum arvense L. 
Equisetaceae 

DAB 10, Helv VII, 

MD 

Plavonoids: luteolin-5-O-glucoside 
(—galuteolin), kaempferol-3-O- and 
7-O-diglucoside (=equisetrin), k-3,7-diglucoside, 
quercetin-3-O-glucoside (=isoquercitrin) 
Adulterant: E. palustre: 0.1%-0.3% 
pal us trine (alkaloid) 


Flavonoid pattern ofEquisetum species (see Fig. 18, samples 1-7) 


E. arvense L, (1,2): 
E. palustre L. (3,4): 


E. fluvatile L. (5): 


E. sylvaticum L. (6): 

E. telmateia EHRH. (7): 


Kaempferol-3-glucoside, k-7-glucoside, k-3,7~diglucosicle; 
quercetin-3-gluco side 

Kaernpferol-3,7-diglucoside, k-3-digJucosyl-7-glueaside, 
k-3-rutino$yl-7-glucoside 

Kaempferol-3-glucoside, k-7-glucoside, k~3,7-diglucoside, 
k-3-diglucosyI-7-glucoside; apigenin-4-glucoside, 
herbacetin -7-glucoside (=herbacitrin); quercetin-7- 
glucoside, gossypetin-7-glucoside (=gossyphnri) 
Kaempferol-3-glucoside, k-7-glucoside, k-3-diglucoside, 
k-3,7-diglucoside; herbacitrin, quercetin-3,7-diglucoside 
Kaempferol-3-glucoside, k-7-glu coside, k-3-rutinoside, 
k-3,7-diglucoside, k-3-rutinosyI-7-glucoside 


Lespedezae herba 
Round-headed bush clover 
Lespedeza capitata MICHX. 
Pabaceae 


Passiflorae herba 
Passion flower, May pop 
Pass i flo ra i n c am a ta L. 
Passifloraceae 
DAB 10, Heiv VII, MD 


l % total flavonoids 

Fl a vo n - C -glycosides: orientin, iso-orientin, 
vitexin, isovitexin, schaftoside 
Flavonol-0-glycosides: rutin, lrypereside, 
isoquercitrm, isorhamnetin-, kaempferol-3- 
rhamnoglucoside, kaempferol-3,7- 
dlrham noside (~lespedin), astragdlin 
Procyanidines di-, trim eric 

0.4%™ 1,2% total fla von-C-glycosides 
isovitexin and -glucoside (25%), vitexin, 
orientin, iso-orientin, iso-schaftoside, 
schaftoside 






7 Flavonoid Drugs Including Gink go Biloba and Ech in aceae Species 


203 


Drug/plant source 
.Family/pharmacopoeia 

Virgaureae herba 
(Solidaginis virgaureae herba) 
Golden-rod BHP 83 
Solidago virgaurea L. 
Solidaginis (giganteae) herba 
Solidago gigantea AIT. 
Asteraceae 


Violae tricoloris herba 

Whild pansy, heart sease herb 

Viola tricolor L 

ssp. tricolor OBORNY 

ssp. arvensis GAUDIN 

Violaceae 

DAC 86, OAB 90 


Sophorae gemma 
Sophora buds 
Sophora japonica L. 
Fabaceae 

M.D, China (flos, fructus) 


Aurantii pericarpium 
Seville orange peel 
Citrus aurantium L. 
ssp. aurantium 
Rutaceae 
DAB 10, MD, 

Japan, China 


Citri pericarpium 
Lemon peel 
Citrus limon (L.) 
BURMAN fil 
Rutaceae 


Main flavonoids and other 
specific constituents 

l%-3-85% Flavonolglycosides 
1%-L5% (rutin 0.3%): S. virgaurea 
3%-3.85% (quercitrin 1.3%): 3, gigantea 
Isoquercitrin, hype reside 
Kaempferol giycosides: k-3-O-glucoside and 
-galactoside, k-rutinosid (=nicotiflorin) 
rhamnetin-3-0“glucoside and -galactoside 
>0.4% chi erogenic acid, caffeic acid glucosylester 
Bslersaponins (>2.4%), Virgaurea saponin 1-3 


0.4%~0.6% total flavonoids 
Quercetin, kaempferol or isorhamnetin 
glycosides; Luteolin -7-Q-glucoside, violanthin, 
saponarin; rutin (0.15% white-yellow flowers) 
Salicylic acid (D.06%-0.3%), methyl ester and 
glucosides 


Flavonol glycosides 
Rutin (about 20%) 


Plavanon glycosides: 
eriodictyol-7-O-rutinoside (-eriocifcrin), 
naringenm-7-Oneohesperidoside 
( — naringin), hesperetin-7-O- 
neohesperidoside (^neohesperidin), 
hesperetin-7-O-rutinoside (=hespendin) 
Flavonol glycoside: rutin. Sinensetin 
Bitter principles: see Fig. 1,2, 3.5 Formulae 
Essential oils: see Fig. 17,18, 6.7 


Flavanon glycosides: 
eriocitrin, nar ingin, hesperidin 
(see Aurantii pericarpium) 

Flavonoid glycosides: luteolin-7-0-ruts noside, 
isorhamnetin-3-arabino-glucoside, 
apigenin-C-giucoside; limocitrin glycosides 
Essential oil: see Fig. 17,18, 6.7 


Fig. 19 


Fig. 20 


Fig. 21 


Fig. 23,24 


Fig. 23 
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Drug/plant source Main jfkvonoids and other 

Family/pharmacopoeia specific constituents 

Drugs containing predominantly flavonoid aglycones 


Fig. 24 Eriodictyonidis herb a 
Verb a Santa 

Eriodictyon californicum 
(HOOK et ARNTT.) 

J. TORREY 
Hydrophyllaceae MI) 

Fig. 24 Orthostphonis folium 
Orthosiphon leaves 
Orthosiphon ar is talus 
(BLUME) MIQUEL 
Lamiaeeae 
DAB 10, HelvVII 

Fig. 25 Cardui mariae fructus 
Milk-thistle fruits 
Silybum marianum 
GAERTNER 
Asteraceae 
DAB 10, MD 

Fig. 26 Vi burn! prunifolii cortex 
Black haw bark 
Viburnum prunifolium L. 
Caprifoliaceae 


Flavanones: 

homoeriodictyol (™eriodictyone), eriodictyol, 
chrysoeriodictyol, xanthoeriodictyol 
Adulterant: 

Er iodictyon eras si foli u m BEN TH. 


0.19%--0.22% total flavonoids 
sinensetin (3\4\5,6,7-pen tam ethoxy-flavonc), 
scutellareirt let ram ethyl ether, eupatorin 
(3 r ,5-dih ydroxy-4' ,6,7-tri m ethoxy fiavo n e) 


1.5%-3% Flavanolignans: 
silybin, silychristin, silydianin and 23- 
deh y dro derivat j ves 
Flavanonol taxi fol in 


Amentoflavone, bi-apigenin, 
scopoletin, hydroquinone (<0.5%) 
Adulterant: Viburni opuli cortex 


7.1.5 Formulae 


Flavonols 



R. 


Aglycone 

OH 

H 

Quercetin 

H 

H 

Kaempferol 

OH 

OH 

Myricetin 

OCH, 

H 

Isorhamnetin 


OH O 
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Common glycosides: 


Quercetin 

Kaejnpferol 

Myricetin 

Q-3-O-glucoside 

K-3-O-galactoside 

M-3-O-glucoside 

(isoquercitrin) 

(trifoliin) 

M-3-O-galactoside 

Q-3-O-rhamnoside 

K-3-O-gl ucoside 

M -3 - 0 -rham noside 

(quercitrin) 

Q-3-0- 

(astragalin) 

K-3-O-rhamnoside 

(myridtrin) 

arabinofuranoside 

(avicutarin) 

(afzelin) 

K-3-O-arabinofttranoside 

Isorhamnetin 

Q-3-O-galactoside 

(juglanin) 

I-3-O-galactoside 

(hyperoside) 

K-3-O-diglucoside 

(cacticin) 

Q-3-O-gkicuronide 

K-7-O-rhanmoside 

I-3-O-glucoside 

(miquelianin) 

K-7-O-diglucoside 

K3-0-galactosyl- 

Q-3-O-rutinoside 

(equisetrin) 

ruti noside 

(rutin) 

K-3»7-0-dirhamnoside 

13-O-rutinoside 

Q-4’-0-glucoside 

(lespedin) 

(narcissin) 

(spiraeoside) 

K-3-O-ru tinoside 

I-3-O-rutino- 

Q-7-O-glucoside 

(quercimeritrin) 

(nicotiflorin) 

K-3-(6"“p-coumaroy]-gl ucoside 
(tiliroside) 

rhamnoside 


OH 



OH 


Gossypetin 


8-Hydroxy-quercetin — gossypetin 
6-Hydroxy-quercetin — quercetagetin 
Quercetagetin-6-methyleth.er = patuletin 
Kaempferol-7-0-methyl ether = rhamnocitrin 
Rhamnodtrin-4'-rharnnosy] (1 —> 4) rharanosyl 
(1 —» 6) galactoside = catharticin 


Flavones 


Aglycone Glycoside 



OH 0 


Aptgenin A-8-C-ghicoside (vitcxin) 

R = H A-6-C-glucoside (isovitexin) 

A-7-O-apiosyl-glucoside (apiin) 
A-6-«-L-arabinopyranoside-8- 
C-glucoside (schaftoside) 
Luteoiin L-5-O-gJucoside (galuteolin) 

R = OH L-8-C-glucoside (orientin) 

L-6-C-glucoside (iso-orientin) 
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B 1 0 



R, 


Aglycone 

OCH 3 

OCH, 

Sinensetin 

OCH, 

H 

Scute! la rein 



tetramethylether 

OH 

OH 

Eupatorin 

R 1 

r 3 

Aglycone 



-7-0-Glycoside 


H 

H 

OH 

Naringenin 
Naringin (a) 

H 

OH 

OH 

Eriodyctiol 
Eriocitrin (b) 

H 

och 3 

OH 

HomoeriodycLiol 

H 

OH 

OCH 3 

Hesperetin 
Neohesperidin (a) 
Hesperidin (b) 

OH 

OH 

OH 

Taxifolin 


Flavanoiignan 


(a) = Neohesperidose 

(b) = Rutinose 




Amentoflavone 


Isosalipurposide 
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Miscellaneous compounds 





Petasin 




im 



Procyanidin B-2 


Alkylamides 


Phenol carboxylic acids (PCA's) 



R, 

R, 

R : , 


caffeoyl quinic acids: 


R 

H 

H 

H 

pseudo chlorogenic acid 

(1-O-caffeoyl quinic acid) 

H 

R 

H 

H 

chlorogenic acid 

(3-O-caffeoyl quinic acid) 

H 

H 

R 

H 

cryptochlorogenic acid 

(4-Q-caffeoyl quinic acid) 

H 

H 

H 

R 

neochlorogenic add 

(5-0-caffeoyl quinic acid) 

dicaffeoyl quinic acids 


R 

H 

H 

H 

R 


R 

R 

R 

H 

H 


H 

R 

H 

R 

H 



R 


isochlorogenic acids 


cynarin (isolated) 
cynarin (native) 


U3-dicaffeoyl quinic acid 
3^4-dicaffeoyl quinic acid 
3,5-dicaffeoyl quinic acid 
4>5-dicaffeoyL quinic add 
l»5-dicaffeoy! quinic acid 
1,3-dicaffeoyl quinic acid 
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Fig. 1 Reference 
compound 
series A 


Fig. 2 Reference 
compound 
series B 


Solvent system 
Detection 


Fig. 1 


Fig. 2 


7.1.6 Reference Compounds 

1 = quercetin-3-O-gentiobioside 

2 = kaempferol-3-O-gentiobioside 

3 = quercetin-3-O-rutmoside (rutin) 

4 = vitexin-2''-O-rham noside 

5 ~ naringin and neohesperidin 

6 = ehlorogenic acid (R f — 0.45) 

7 - luteolin-8-C-glucoside (orient!n) 

8 =* apigenin-8-C-glucoside (vitexin) 

9 = isorhamnetin-3-O-glucoside (with isoquercitrin, see Fig. 2) 

10 == ehlorogenic acid ► isochlorogenic acid (R f ~ 0.8) ► caffeic acid (R, — 0.9) 

11 ” isorhamnetin~3-0-galactoside (cacticin) 

12 — quercetin-3-O-rhamnoside (quercitrin, traces of kaempferol-3*0-rhamnoside) 

13 - kaempferol-3-O-arabinofuranoside (juglanin) 

14 = caffeic acid and ferulic acid (R f 0,9-0.95) 

15 = rutin (Rf 0.4) ► ehlorogenic add (R f ~ 0.45) ► hyperoside (R f ~ 0,6) test mixture 

T1: these three commercially available compounds are used to characterize the 
chromatograms of flavonoid drugs 


1 — quercetin-3«0~gentiobioside 

2 = quercetin-3-O-sophoroside 

3 = quercetin -3-O-galactosyl-7-O-rhamnoskle 

4 — kaempferol-3-O-gentiobioside 

5 = quercetin-3-O-rutinoside (rutin) 

6 - ka emp fe ro 1 -3 -O - rhamnoglucoside 

7 = quercetin-3-O-glucuromde 

8 = quercetin-3-O-galactoside (hyperoside) 

9 = quercetin-3-O-glucoside (isoquercitrin) 

10 “ kaempferol-3,7-0-dirhamnoside (lespedin) 

11 ” quercetin-3-O-rhamnoside (quercitrin) 

12 = kaenipferol-3-O-arabi noside 

13 = quercetin 

14 = kaempferol 

15 = mixture of .1-14 

Fig. 1,2 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 
Natural products-polyethylene glycol reagent (NP/PEG No.28) —» UV-365nm 


Glycosides of the flavone, flavonol and flavanone type 

Treatment with NP/PEG reagent generates in UV-365nm predominantly orange and 
yellow-green fluorescences for the flavone and ftavanol type and a dark-green one for the 
flavanone type. Phenol carboxylic acids, which frequently occur in flavonoid drugs, 
appear as intense, light-blue zones. 

Various quercetin- and kaempferol-O-glycosides 

Orange or yellow-green fluorescences in UV-365 nm, following NP/PEG treatment, are 
related to the specific substitution pattern in ring B: two adjacent hydroxyl groups in ring 
B (e.g. quercetin) give rise to orange fluorescence, whereas a single free hydroxyl group 
(e.g. kaempferol) results in yellow-green fluorescence. 
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test series B 
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7*1.7 TLC Synopsis "Flos" 

Drug sample 1 Tiliae flos 6 Calendulae flos 

2 Arnicae flos 7 Cacti flos 

3 Stoechados flos 8 Primulae flos 

4 Sainluici flos 9 Anthemidis flos 

5 Verbasci flos 10 Matricariae flos (methanolic extracts, 20-30 pi) 

Reference T1 rutin (R f ~ 0.4) ► chlorogenic acid (R r ~ 0.5) ► hyperoside (R f ~ 0.6) 
compound T2 apigemn-7-O-glucoside 

Solvent system Fig. 3,4 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Detection A, C Natural pro ducts/polyethylene glycol reagent (NP/PEG No. 28) UV-365nm 
B Natural products reagent (NP No, 28) —> UV 365 nm 


Description Each extract shows a characteristic TLC fingerprint of yellow-orange or yellow-green 
flavonoid glycosides (fl.gl) and blue fluorescent phenol carboxylic acids (PGA). The 
major flavonoids of the individual drugs are identified in Figs. 4-10. 

Fig. 3A Tiliae flos (1}: six orange fl.gl zones (R f 0,4~0,8) (see Fig, 10) 

Arnicae flos (2); three orange fl.gl zones (R f 0.5-0.7) (see Fig. 5,6) 

Stoechados flos (3): three prominent yellower orange fi.gl zones (R, 0.6-0.95) accompa¬ 
nied by four major blue fluorescent zones (R f 0,4-0.95), Directly below the helichrysm 
(>) zone (R, 0.85), which appears almost dark brown, there is a yellow-green zone of 
apigemn-7-O- and kaempferol-3-O-glucosid.e and an orange zone (e.g. isoquercitrin) 
(see Fig. 4) 

Sambuci flos (4): one major orange fl.gl zone above and below chlorogenic acid (Fig. 9) 
Verbasci flos (5): three almost equally concentrated orange fl.gl zones (R f 0.4/0.5/0.6) 
(see Fig. 4) 

Calendulae (6), Cacti (7) and Primulae flos (8): characteristic pairs of fLgl zones (R f 0.1- 
0,4) (see Fig, 7,8) 

Phenol carboxylic acids: absent in samples 7,8; small amounts in 1,5,6; high concentra¬ 
tion in 2-4 (e.g. chlorogenic acid, R r — 0.5, or caffeic acid, R f — 0.9). 

Fig. 4B Stoechados flos (3). Treatment with NP reagent reveals helichrysin A/B (see fig. 3) as an 
olive-green zone at R f — 0.85 and apigenin-7-O- and kaempferol-3-O-ghicoside as green 
zones below. 

Verbasci flos (5). Two almost equally concentrated flavonoid glycosides are found at R r 
0.60 and 0.75 (e.g. apigenin and luteolin glucoside). The green hesperidin zone at R f ~~ 
0.45 is more easily detectable with NP than with NP/PEG reagent (see Fig, 3), 

C Anthemidis flos (9) is characterized by two and Matricariae flos (10) by three yellow- 
orange or yellow-green major zones in the R f range 0,55-0.75 and four to six almost white 
fluorescent PCB and/or coumarins (R r 0.45-0.95), Apigenin-7-0-glucoside (R, 0.75/T2) is 
present in both samples, but is more concentrated in (9). The zones directly below are 
due to luteolin-7-O-glucoside (sample 9/R f — 0.7) and in the chamomile sample (10) due 
to quercetin-3-O-galactoside, -7-O-glucoside, luteolin-7-O- and patuletin-7-0-gluco¬ 
side. Sample (9) has the more prominent aglycone zone at the solvent front and a higher 
concentration and variety of blue fluorescent PC A zones (glucosides of caffeic and 
ferulic acid) and the coumarin scopoletin-7-G-glucosid at R, — 0.45. 
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7*1,8 Chromatograms 

Arnicae flos and adulterants 


Drug sample 


Reference 

compound 


Solvent system 
Detection 


1 Arnicae flos (official drug) 5-8 Arnicae flos (rich in astragalin) 

2 Calendulae flos (1.8: MeOH extracts, 30 fil) 

3 Heterothecae flos (H. inuloides) 5a-8a Arnicae flos (CHCl } extract, 30 pi) 

4 Arnicae flos (poor in astragalin) 

Tl rutin (R r 0.35) ► chlorogenic acid (R f 0,45) ► hyperoside (R r 0.6) ► isochlorogenic 
adds (Rf 0.75-0.95) 

T2 rutin ► chlorogenic acid ► hyperoside 

13 quercetin T4 luteal in-7-0-glu coside T5 astragalin 

Fig. 5, 6 Aethy! acetate - formic acid - glacial acetic acid - water (100:11:11:26) 

Fig. 6B n. - pentane - ether (25:75) system PE 

Fig. 5> 6A Natural pro ducts-(polyethylene glycol) reag. (NP/PEG No.28) UV-365 nm 
Fig. 6B Zimmermann reagent (ZM No. 44) -4 vis 


Fig. 5A,B Arnicae flos (1,4). Arnica montana (1) and Arnica chamissonis (4) show a similar TLC 
pattern of three orange-yellow flavonoid zones between the blue zones of chlorogenic 
acid (R f — 0.45/T1) and isochlorogenic acids (Rj 0.7-0,95/T1), The upper zone is due to 
isoquercitrin and luteolin-7-O-glucoside (T4). The flavonoid glycoside zone in the R r 
range of hyperoside (T1/T2) is more highly concentrated in sample (4). 

Calendulae flos (2) is characterized, by pairs of yellow-orange isorhamnetin and querce¬ 
tin glycosides. The major zones are due to rutin (R, 0.4) and narcissin (R, 0.45), 
isorhamnetin- and quercetin-3-O-gluccside (R f 0.6-0.7) and isorhamnetin-rutinosyi- 
glucoside at R, ~ 0.2. 

Heterothecae flos (3) has a similar TLC pattern with Arnicae flos (4), Together with 
Calendulae flos (2), it counts as an adulterant of Arnicae flos. The adulterants can be 
easily detected by the presence of rutin (R r — 0.4/T1/T2) (► see also Fig. 7). 

Fig. 6A Detection with NP reagent only; Arnicae flos (A. montana, A. chamissonis; 5-8) 
Astragalin is found as a bright green fluorescent zone at R f ~ 0.8 (T5), while the other 
flavonoid glycosides below only appear pale orange-brown (see fig. 5). Blue fluorescent 
chlorogenic acid at R, 0.45 and caffeic add at R r 0.9 are detectable. 

B Arnicae flos (A. montana, A. chamissonis; 5a-8a). The CHCt, extracts of Arnicae flos 
( method see Sect. 7.LI), developed in system PE, contain sesquiterpene lactones, detect¬ 
able as violet-grey zones with ZM reagent (vis). 

11, 13-Dihydrohelenaim (DH), helenaline (H) and their esters are major compounds 
in A. montana and A. chamissonis. DH and Migrate in the lower R f range. The 
isobutyryl-, methacryh, tigloyl- and isovaleryl-helenaline and -11,13-dihydrohelenaIine, 
respectively, are found in the upper R f range. DH and H are always present, whereas the 
amount of their esters varies. No sesquiterpenes are found in Hetero theca. 

Sesquiterpene lactones A. montana A. chamissonis 


11, 13-dihydrohelenalin (DH) <3.6% 

helenalm (H) <1% 

6-O-tigtoyl-l 1> 13-dihydrohelenalin <11% 

6-O-tigloyl-heienalin <37% 


chamissonolide/6-O-acetyl-chamissonolide 
armfotin e / d ihydro am ifol i ne 


2%-7% 

2 %- 8 % 

20%-26% 

17%-30% 

0.8%-9.5% 

3%™12% 
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Calendulae, Cacti, Primulae flos 


Drug sample 


Reference 

compound 


1 Calendulae flos 

2“2b Cacti flos (trade samples) (methanolic extracts, 20 pi) 

3-3b Primulae flos (trade samples) 

3c Primulae flos (high amount of calycibus) 

T1 rutin (R r ~ 0.4) ^ chlorogenic acid (R f — 0.5) ► hyperoside (R f — 0.6) 
T2 narcissin ( =isorhamnetin-3'0-rutmoside) 


Solvent system 


Detection 


Fig. 7,8 A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) —> system 1 
Fig. 8B,C chloroform-acid-glacial acetic acid-methanol-water (60:32:12:8) —> system 2 

Fig. 7A,B Natural products-polyethylene glycol reagent (NP/PEG No. 28) —» UV-365 nm 
Fig, 8A,B (NP/PEG No, 28) UV-365 nm 

C Anisaldehyde-FflSO, reagent (AS No. 3) vis 


Fig. 7A Calendulae (1) and Cacti flos (2) are both characterized by orange-yellow quercetin and 

yellow-(green) fluorescent isorhamnetin glycosides in the R f range 0.2/0.4/0,7 with rutin 
and narcissin as major compounds (R f 0,4-0.45 /T1/T2). 

Cacti flos (2) contains more monoglycosides (R { 0,6-07), e.g, cacticin an isorhamnetin- 
3-Oglucoside at R f ~ 0.7, while Calendulae flos (1) has more triglycosides (R r 0.2-0.25) 
and additional blue fluorescent zones of phenol carboxylic acids at the solvent flout and 
chlorogenic acid at TflO.5 (Tl). 

Primulae flos (3) shows predominantly di- and triglycosides of quercetin and 
kaempferol in the R r range 0.1-0.5 (e.g. kaempferol-gentiotrioside), 

B The quantitative distribution of individual flavonoid compounds in Primulae flos are 
due to the varying quantities of flower and calicybes in trade samples (3a, 3b). 

Fig. 8A Cacti flos. Variations in the flavonoid pattern are demonstrated (2a, 2b). 

Cacti flos trade samples (e.g. 2a) normally show the orange zone of rutin and the green 
one of narcissin in the ft, range 0.4-0.45 (T2 see also Fig. 7). 

Sample (2b) is freshly collected material of Selenicereus grandiflorus, which contains 
mainly narcissin and only traces of rutin and monoglycosides in the upper R f range. 

B Saponins in Calendulae and Primulae flos; For the separation of saponin glycosides, the 

more polar solvent system 2 is recommended. In this system, the flavonoids of Primulae 
flos (3c) show a similar separation pattern compared to syvStem 1, while the separation of 
flavonoid and phenol carboxylic acids of Calendulae flos (1) is different (detection NP/ 
PEG reagent. UV-365 nm). 

C Detection with the AS reagent reveals three prominent grey-blue oleanolic add glyco¬ 
sides (R ( ~ 0.2/0.4/0.6) which characterize the saponin pattern of Calendulae flos (1). 
Primulae flos (3c) shows weak yellow-brown zones in the R f range 0.05-0.4, mostly due 
to flavonoid glycosides. According to the literature, saponins might be present 
preferrably in the calicybes of the drug. 
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Drug sample 

Test mixture 
Solvent system 
Detection 

Fig. 9 


Fig. 10 


Pruni spinosae, Robiniae, Acaciae, Sambuci, Spiraeae and 
Tiliae flos 


1 Pruni spinosae flos 4 Robiniae (Acaciae) flos 

2 Sambuci flo$ 5 Acaciae verticil, flos 

3 Spiraeae flos 6-10 Tiliae flos (commercial drugs) 

(methanolic extracts, 20 pi) 

T1 rutin (R t - 0.4) ► chlorogenic acid (R f ~ 0,5) ► hyperoside (R f — 0.6) 

Fig. 9,10 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 
Natural products-polyethylene glycol reagent (NP/PEG No. 28) -> UV-365nm 


Pruni spinosae flos (1) shows eight prominent orange or green flavanoid zones between 
R f — 0,35 and the solvent front and two blue zones in the R f range of chlorogenic acid 

(Tl): 


R, - 0.35 

rutin 

R f - 0,4 

kaempferol-diglycoside 

R, 0.6-0,7 

isoquercitrin, kaempferol-3, 7-dirhamnoside 

R r 0,75-0.8 

quercetin-3-O- and kaempferol-3-0-rhamnoside 

R r ~~ 0.85 

avicularin (quercetin-3-O-arabinoside) 

R r - 0.9 

kae mpferol-3-O-arabi noside 

front 

quercetin 


Sambuci flos (2) is characterized by a pair of orange and green zones above and below 
the blue chlorogenic acid of almost equal intensity: rutin (Tl) and isoquercitrin 
(R f — 0.65) as major constituents, caffeie acid at R r — 0.9. 

Spiraeae flos (3) shows its main constituents as blue fluorescent zones above the 
hyperoside test (Tl). In this R f range spiraeoside (quercetin-4’-O-glucoside) is found. 
Robiniae (Acaciae) flos (4) has predominantly green-yellow zones in the lower 
Rf range 0.2-0.45 with robinin (kaempferol-3-0-rhamnosyl-galactosyl-7-rhamnoside) as 
the main compound at R r ~ 0.2, Acacetin-7-O-rutinoside migrates directly above rutin 
(Tl). 

Acadae vert, flos (5) shows additional high amounts of flavonoid glycosides in and 
above the R r range of the hyperoside test, 

Tiliae flos has a complex flavonoid pattern consisting of at least eight different glycosides 
derived from quercetin, myricetin and kaempferol: 


0.9 
0.8 
' 0,7 
0.7 
- 0.4 


tilirosid 

Q-3-O-rham noside 
Q”3-0-glucoside 
Q-3, 7-dirhamnoside 
rutin (Tl) 


M-3-O-rhamnoside 

M-3~0-glucoside 


K-3-O-rha.mnoside 
K-3-O-glucoside 
K-3, 7-dirhamnoside 


The Tiliae flos samples 6-10 show quantitative differences in their flavonoid content, 
depending on the corresponding Tilia species (T. cordata, T. platyphyllos or a mixture of 
both). The main zones in all samples are in the R, range of hyperoside (Tl). Blue and 
orange zones in the R f range of chlorogenic add (Tl) can be absent. 

Note; The adulterant Tilia argentea contains, instead of rutin, a prominent flavonoid 
glycoside zone in the R f range 0,2-0,3. 
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Drug sample 


Reference 

compound 

Solvent system 


Detection 


Fig. 11A 


B 


Fig* 12C 


D 


Farfarae folium, flos; Petasitidis folium, radix 

1,2 Farfarae folium 5-7 Petasitidis folium (P. hybridus 

3 Farfarae flos different origin) 

4 Farfarae folium (trade sample) 8 Petasitidis radix 

(extracts, 20pi, preparation see 7.LI) 

T1 rutin (R f — 0.4) ► chlorogenic add (R f - 0.5) ► hyperoside (R, - 0.6) 

T2 eugenol 
T3 petasin 

Fig. 11A, 12C ethyl acetate-formic acid-glacial acetic acid-water (100:U:1.1;26) ► 
flavonoids, phenol carboxylic acids 
Fig. I IB, 121) chloroform lipophilic compounds (e.g. petasin) 

Fig. 11A, 12C Natural products-polyethylene glycol reagent (NP/PEG No. 38) -4 
UV-365 nm ► flavonoids, phenol carboxylic acids 
Fig. I IB An i s aid eh yde -H 2 S 0 4 reagent (AS No. 3) vis ► petasin 

Fig. I2D Concentrated H ? SO A vis ► petasin 


Farfarae folium (1,2) and flos (3). Methanolic extracts show mainly blue fluorescent 
Zones of phenol carboxylic acids e.g. chlorogenic acid (R^ *•— 0.5/Tl), isochlorogenic acids 
(R, 0.7-0.75) and caffeic acid (R ( — 0.9). Rutin is detectable as an orange fluorescent zone 
in (2) and (3) (R r 0.4/Tl)- traces in (1). Isoquercitrin and astragalin are found in low 
concentrations above the hyperoside test (Tl) in samples 1 and 3. 

Petrol ether extracts of Farfara samples 1-3, developed in CHCI, and detected with AS 
reagent, do not show prominent zones (vis) below the R f range of the reference com¬ 
pound eugenol (T2). The German pharmacopoeia DAB 10 requires this TLC character¬ 
ization of authentic Farfarae folium (1,2), 

Methanolic extracts of Farfarae folium (4) and the adulterant Petasitidis folium (5-7) 
have a very similar pattern of blue fluorescent phenol carboxylic acids. Flavonoid 
monoglycosides (R r range 0.5-0,65) are present in varying concentrations in Petasites 
species, while rutin is not detectable in the samples 5,6 and there are only traces in 
sample 7. 

For the detection of the sesquiterpenes e.g. petasol, neo- and isopetasol derivatives, a 
petrol ether extract has to be prepared. TLC development in CHCl^ and detection with 
concentrated 1:1,SO,, (98%) reveals the lipophilic compounds of Farfarae (4) and 
Petasitidis folium (5-7) as white-blue, red or green-blue zones over the whole R, range. 
The sesquiterpene petasin/isopetasin are found in the R, range 0.4-0.45 as green-blue 
fluorescent zones. The concentration of the esters (e.g. methacryl petasol) varies, de¬ 
pending on the Petasites species. 

Petasites sample (7) shows the petasin/isopetasin as prominent zones, while In 
Petasitidis folium samples 5 and 6 die petasin is present in low concentration. Petasin- 
free chemical races also exist. In these cases Patasitidis and Farfarae folium extracts are 
hardly distinguishable. The red zones are due to furanoeremophilanes. 

CHCl j extracts of Petasitidis radix (8) show mostly blue fluorescent zones from the start 
up to the solvent front, due to more than 20 sesquiterpenes. 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. I3A 


B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. HA 

B 


C 


Betulae, Juglandis, Rubi and Ribis folium 

1 Betulae folium 3 Rubi fraticosi foli um 5 Ribis nigri folium 

2 Juglandis folium 4 Rubi idaei folium (methanolic extracts, 20 pi) 

Tl quercitrin 

T2 rutin (R, ~ 0.4) ► chlorogenic acid (R f — 0.5) ► hyperoside {R r — 0.6) -» test mixture 
Fig. 13A,B ethyl acetate-formic acid-glacial acetic acid-water (100:11:1.1:26) 

Natural products-polyethylene glycol reagent (NP/PEG No. 28) —> UV-365nm 


Betulae (1) and Juglandis (2) folium. 

Both extracts show a similar flavonoid pattern in the R r range 0.55-0.85 with five to six 
prominent orange flavonoid glycoside zones: hyperoside (T2) as major compound (R f ~ 
0.6), followed by isoquercltrin, quercitrin (R r — 0.8/Tl) and avicularin (R r — 0.85), They 
are distinguished by the orange myricetin-digalactoside, only present in (1), R { range of 
chlorogenic acid, and rutin (T2), which can be present in higher concentrations in other 
Betula species, and the green zone of kaempferol-3-arabinoside (R r — 0.95) and 
neochlorogenic add as a blue zone at R f — 0.55, detectably only in 2. 

Rubi (3,4) and Ribis (5) folium. They are easily distinguishable by their different quali¬ 
tative and quantitative flavonoid-pattern. 

Rubi fruticosi fob (3) has two prominent blue besides three weak green fluorescent zones 
(R f 0.5-0.95), while Rubi idaei folium (4) shows five orange flavonoid glycoside zones (R r 
range 0.3-0.75). 

Ribis nigri folium (5). One major orange flavonoid glycoside above the hyperoside test 
(e.g. myricetin and quercetin glycoside), followed by a green zone (e.g. isorhamnetin and 
kaempferol monoglycosides}; a minor zone of rutin (T2) is seen at 0.4. 


Castaneae folium 

1 Castaneae folium (methanolic extract, 20 p.l) 

Tl rutin (R f — 0.4) ► chlorogenic acid (R f — 0.5) ► hyperoside (R r ~ 0.6) 

T2 fructose T3 rutin 

Fig. 14A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) —> system 1 
B,C chloroform-glacial acetic acid-methanol-water (60:32:12:8) -> system 2 

A,C Natural products-polyethylene glycol reagent (NP/PEG No. 28) —» UV-365 nm 
B Anisaldehyde-H,S0 4 reagent (AS No. 3) vis 


Castaneae folium (6) is characterized in system 1 (NP/PEG) by the yellow zone of rutin 
(R r — 0.4), blue O-p-coumaroyl quinic acid (R f ~ 0,45) followed by two prominent 
orange-yellow zones of isoquercitrin and quercetin gahcturonide (=miqueiianin). 
Traces of astragalin are found at R t — 0.75. 

Separa tion in system 2 and treatment with the AS reagent are efficient for the detection 
of e.g. saponins and sugars. The black-brown zone of fructose (T3) is followed by three 
brown flavonoid glycoside zones, five additional violet-blue zones (R r 0.55-0.75; saponin 
glycosides ?) and the prominent violet zone of lipophilic compounds (e.g. ursolic acid, 
lupeol) at the solvent front. 

Detection with NP/PEG reagent shows the three flavonoid glycosides as orange-yellow 
and the phenol carboxylic adds as blue fluorescent zones at lower R r values compared 
with system 1 (—> A). 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Description 

Fig. 15A 


B 

Fig, I6A 


Crataegi folium, fructus, flos; Lespedezae herba 


1 Crataegi folium (MeOH extract 20, pi) 

2 Crataegi fructus (MeOH extract 20, pi) 

3 Crataegi flos (MeOH extract 20, pi) 

4 Lespedezae herba (MeOH extract 20, pi) 

5 Lesp.herba (I0:I/EtAc enrichment 10, pi) 

6 Lesp.herba (5:l/EtAc enrichment l,0pl) 


la C. folium (fraction 1) 
lb C. folium (fraction 2) 
lc C. folium (fractions 3) 

5a procyanidin fraction of (5) 
6a procyanidin fraction of (6) 


T1 rutin (R r — 0.3) ► chiorogenic acid (R f — 0.4) ► hyperoside (R, ~ 0.55) 
T2 vitexin-2 w -rhamnoside (R r - 0.45) ► vitexin (R f - 0.7) 

T3 isoorientin (R r ~ 0.5) T4 orientin (R r ~ 0.6) 


Fig. I5,16A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) flavonoids 
B ethyl acetate-glacial acetic acid-water (I00:20:30/upper phase) procyanidins 

A Natural pro ducts-poly ethylene glycol reagent (NP/PEG No, 28) -* UV-365 nm 
B Vanillin-phosphoric acid (VP reagent No. 41) ->vis 

Crataegus and Lespedeza contain flavonoids (A) and procyanidins (B), The 
procyanidins can be separated from flavonoids over a polyamide column (see Sect. 
7.1.1). 


Methanolic extracts of Crataegi folium (1) and C. flos (3) have almost identical TLC 
flavonoid patterns in UV-365 nm (NP/PEG reagent): 


R ( - 0,3 

orange 

rutin (Tl) 

Rf 0.35 

yellow-green 

vitexin-2"-G~rhamnoside (T2) 

R, 0.4-0.5 

blue 

caffeoyl quinic acids (e.g. chiorogenic acid, Tl) 

Rf 0.5-0.6 

orange 

hyperoside (Tl), luteolin-5-0-glucoside 

R t - 0.6-0.65 

yellow-green 

vitexin (T2), overlapped by blue spiraeoside 

Re 0.9 

blue 

caffeic acid 

C. fructus (2) shows very weak zones of caffeoyl quinic acids and hyperoside only. 

Procyanidins 

vis.): 

in Crataegi folium (la-lc) can be separated from flavonoids (VP reagent 


► la: EtOH eluate with flavonoids (yellow/R* 0.3-0.5) and red zones of di- and trimeric 
procyanidines (R f 0.7-0.8) 

► lb: EtOH/acetone (8:2) eluate with iri- and tetrameric procyanidins (R r 0.5-0.7). 

► lc: acetone eluate with the enriched tetra- and hexa polymeric procyanidins (R f range 
0.05-0.5). 

A methanolic extract of Lespedezae herba (4) contains more highly glycosidated 
flavonoids (R r range 0.05-0,35) such as kaempferol- and/or isorhamnetin-rhamno- 
glucoside and rutin (Tl). The EtAc extract (5,6) contains the enriched yellow zones 
of flavon-C-glycosides such as isoorientin (R f - 0.5/T3), orientin (R f - 0.65/T3) over¬ 
lapped by isovitexin, as well as flavonol.-0-glycostdes such as lespedln, hyperoside, 
isoquercitrin and quercitrin (R f 0.6-0.8). 

After treatment with the VP reagent, Lespedezae herba (5a, 6b) shows the phenolic 
compounds as red-brown zones (vis.). In addition to free catechin, epicatechin (R f — 
0.9), the dimeric procyanidins migrate into the upper R f range and trimeric procyanidins 
are found in the lower R f range. 







4 T1 5 6 T3 T4 5a 6a 


Fig. 16 
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Equiseti herba 


Drug samples l Equisetum arvense (origin Germany) 

“Equiseti herba” 2 Equisetum arvense (origin Sweden) 

3,4 Equisetum pa lustre 

5 Equisetum fluvatiie 

6 Equisetum silvaticum 

7 Equisetum telmateia 

8,9 Equiseti herba (trade sample) (methanolic extracts, 20 pi) 


Reference 

compound 


Solvent system 


Detection 


Tl isoquercitrin 

T2 Iuteolin-5-O-glucoside (=galuteolin) 

T3 rutin (R f — 0.4) ► chlorogenic acid (R, —• 0.5) ► hyperoside (R f ~~ 0.6) 

T4 brucine (R, ~ 0.2) ► strychnine (R r — 0.4) ► papaverine (R f — 0.6) 

Fig. 17A,18 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) —> 
flavonoids 

Fig. 17B toluene-ethyl acetate-diethylamine (70:20:10) —> alkaloids 

Fig. 17A,18 natural products-polyethylene glycol reagent (NP/PEG No. 28) -4 UV- 
365 am 

Fig, 17B iodoplatinate reagent (IP No. 21) —> vis 


Fig. 17A Equisetum arvense (1) is characterized by the yellow-orange zone of isoquercitrin (R, — 
0.6/Tl), two blue zones above (e.g. caffeic add) and three weak blue or green zones blow 
(R f 0.4-0.55, e.g. gaiuteolin/T2). The official “horsetail" does not contain green 
kaempferol glycoside zones in the lower R r range which indicate one of the adulterants 
(see Ftg. 18). Alkaloids are absent or in extremely low concentrations only. 

B Equisetum palustre (3,4) is a common adulterant of E. arvense but is easily distinguish¬ 
able by its alkaloid content. Four to seven zones respond to IP reagent, a major zone 
(palustrine) directly below the brucine test and very weak 2 ones in the R f range of the 
alkaloid test mixture T4. 

Fig. 18 TLC synopsis of Equisetum species (see Drug list, 7.1.4, “flavonoid pattern”), 

Equisetum arvense (1,2): the same flavonoid glycoside pattern as shown in Fig. 1.7A, but 
with a better separation in the R c range of isoquercitrin, indicating the presence of an 
additional flavonoid glycoside (luteolin-7-O-glucoside?). 

Equisetum palustre (3,4): six green zones of kaempferol glycosides in the R f range 
0,05-0.5, vSUch as k-3-diglucosyl-7-glucoside, k-3-rutinosyl-7-glucoside and k-3, 7, 
diglucoside. 

Equisetum fluvatiie (5): two prominent (R r 0.3/0.75), three weak green (R, 0.1/0.35/0.5) 
zones, no blue zones (R r 0.75/0,85) and a prominent yellow-orange aglycone zone 
(solvent front), 

Equisetum silvaticum (6): similar pattern of green kaempferol glycoside zones as in 
sample 5. In addition, the yellow-orange zones of quercetin-3, 7-diglucoside (R r ~ 0,4) 
and isoquercitrin (R, — 0.7) as in E, arvense (1,2), 

Equisetum telmateia (7): five green zones in the R r range 0.2-0.7 (e.g. k-3,7-diglucoside, 
k-3-rutinosyl-7-glucoside). 

“Equiseti herba” (8,9): Trade samples are often mixtures of various Equisetum species. 
In the upper R t range sample 8 shows identical zones with E, arvense, but additional 
zones in the lower R r range similar to Equisetum species (6,3,4). Drug sample 9 is almost 
a 1:1 mixture of 1 and 3. 
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T1 T2 1 T3 3 4 T4 Fig. 17 



1 2 3 4 5 6 7 8 9 


Fig. 18 
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Drug sample 

Reference 

compound 

Solvent system 
De lection 

Fig. 19A 

B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 20A 

B,C 


Virgaureae herba 

1,2 Virgaureae herba (trade sample) 

3 Soiidaginis giganteae herba (methanolic extracts, 20 pi) 

Tt rutin (R f — 0.4) ► chlorogenic acid (R r ~ 0.45) ► hyperoside (R r — 0.55) 

T2 isoquercitrin T3 quercitrin T4 oleanoiic add 

Fig. 19A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

B chloroform-methanol (90:10) 

A Natural products-polyethylene glycol reagent (NP/PEG No. 28) —> UV-3<S5nm 
B Anisaldehyde-H 2 S0 4 reagent (AS No. 3) —> vis 


Extracts from trade samples Virgaureae or Soiidaginis herba (1-3), show three to four 
orange or yellow-green quercetin and kaempferol glycosides in varying concentrations 
in the R, range 0.4-0.75: quercetin and/or kaempferol rutinoside (R f — 0.4/T1), 
quercitrin as the main zone (R f ~ 0.75/T3) and small amounts of isoquercitrin (R f — 0.6/ 
T2) and hyperoside. The blue zones (R, ^0.9 and R f — 0.5/Tl) are due to phenol 
carboxylic acids. 

Sample 3 shows the highest flavonoid content and in addition astragalin (R r — 0.85). 

Solidago species contain ester saponins (Virgaurea saponin). Alkaline hydrolysis of the 
methanolic extract and detection with AS reagent yields five to six blue-violet zones (e.g. 
polygalic add) in the R r range 0.4-Q.9, 


Violae herba 

1 Violae herba (V. tricolor, blue flowers) 

2,3 Violae herba (V. tricolor, yellow-white flowers) 

(methanolic extracts, 20 pi) 

T1 rutin (R r — 0.4) ► chlorogenic acid (R f — 0.45) ► hyperoside (R r — 0.55) 

T2 salicylic acid 

Pig. 20A ethyl acetate-formic acid-glaciai acetic acid-water (100:11:11:26) 

B chloroform-toluene-ether-formic add (60:60:15:5) 

A Natural products-polyethylene glycol reagent (NP/PEG No. 28) UV-365nm 
B UV-365 nm 
C 10% FeCl, —» vis 


Violae tricoloris herba (1-3) shows in UV-365 nm mainly green fluorescent glycosides in 
the U, range 0.2-0.4. The major zone is due to violanthiu, accompanied by lower concen¬ 
trated zones of saponarin and scoparin below. The yellow-white flowers have rutin (2,3) 
while in extracts of the blue flowers (1) the orange zone of rutin (TI) is missing. 

Violae tricoloris herba contains salicylic acid and methylester. Salicylic acid is detectable 
in sample 2 at R f — 0.65 (system B) as a weak violet fluorescent zone in UV-365 nm and 
as a brownish zone after FeCL, treatment in vis (T2). 
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Fig. 19 


Fig. 20 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 21 


Solvent system 
Detection 

Ftg. 22 


Anserinae, Passiflorae herba; Sophorae gemmae 

1 Anserinae herba (methanolic extract* 30 pi) 

2 Passiflorae herba (methanolic extract, 30fil) 

3 Sophorae gemmae (methanolic extract, 5 pi) 

Tl rutin (R f — 0.4) ► chlorogenic acid (R f ~ 0.45) ► hyperoside (R f 0.55) 
T2 vitexin 
T3 saponarin 

Fig. 21 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 
Natural products-polyethylene glycol reagent (NP/PEG No, 28) —> UV-365 nm 


Anserinae herba (i) shows seven to eight orange-yellow zones of quercetin and 
myricetin glycosides in the R, range 0.35-0.75: isoquercitxin (R, - 0.6), myricetin- and 
quercetin-3-O-rhamnoside migrate above the hyperoside test (Tl), while the corre¬ 
sponding flavonol diglycosides are found in the R r range of the rutin test (Tl). 
Passiflorae herba (2) is characterized by six to eight yellow-green zones of flavon-C- 
glycosides between the start and R f ~ 0.65: iso-orientin as major zone (R f ~ 0.45), the 
green zones of isovitexin and vitexin (T2/compound 18,19/Fig. 22), isovitexin-2 w -0- 
glucoside (R r — 0.2) and additional zones above and below saponarin-test (T3) e.g. 
schaftoside. 

Sophorae gemmae (3): a charactistically high amount of rutin as well as five flavonoid 
oligosid.es in the R r range 0.05-0.3 and three glycosides in the range 0.45-0.65. 


Flavon~€-glycosides as reference compounds 


1 saponarin 

2 saponaretin 

3 schaftoside 

4 violanthin 

5 iso violanthin 

6 spinosin 

7 6"-0- feruloyl-vii 


8 adonivernith 

9 swertiajaponin 

10 swertisin 

11 aspalathin 
1.2 scoparin 

13 orientm 

14 isoorientin 


15 vitexin-2'-O-glucoside 

16 vitexin~2"“0-rhamnosid.e 

17 isovitexin-2"-0- 
rhamnoside 

18 isovitexin 

19 vitexin 


Fig. 22 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 


Natural products-polyethylene glycol reagent (NP/PEG No. 28) UV-365 nm 


The TLC synopsis shows the apigenin-C-glycosides (e.g. vitexin, isovitexin) with 
generally green and the 1 uteolin-C-glycosides (e.g. orientin) with generally orange 
fluorescence. 

Flavonoid glycosides derived from the same aglycone show ascending R, values In the 
following order: galactose ► glucose ► rhamnose ► apiose; e.g. vitexin-2 M -0-rhamnoside 
has a higher R f value than vitexin-2"-0-glucoside. 
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Citri, Aurantii pericarpium 
Orthosiphonis, Eriodictyonis folium 


Drug sample 


1 Citri pericarpium (MeOH extract, 25 pi) 

2,3 Aurantii pericarpium (MeOH extract, 25 pi) 

4 Orthosiphonis folium (DCM extracts 20pi) 

5 Eriodictyonis herba (DCM extract, 20 pi) 


Reference T1 rutin T3 eriodictyol 

compound T2 sinensetin T4 homoeriodictyol 


Solvent system Fig. 23A,B ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26), system 1 
Fig. 24C chloroform-ethyl acetate (60:4), system 2 

D»E chloroform-acetone-formic add (75:16.5:8.5), system 3 


Detection Natural prodticts-pol yethylene glycol reagent (NP/PEG No, 28) 

► UV-365 nm (A,C,E) ► vis (B,D) 


Fig. 23A Citri (1) and Aurantii pericarpium (2) are both characterized by the prominent yellow 
rutin (R f — 0.35/T1) and the yellow-red eriocitrin zone at R f ~ 0.45. The broad, dark- 
green band directly above eriocitrin is due to the bitter-tasting nar ingin, neohesperidin 
and the non-bitter hesperidin in sample 2. In (1), only traces of hesperidin and 
neohesperidin are present. Aurantii pericarpium (2) shows a higher variety of yellow 
flavonoid glycosides below rutin and blue fluorescent zones in the upper R r range. These 
are separeated in system 2, as shown in Fig. 24(C). 

Eriocitrin is first seen as a yellow zone in UV-365 nm. After exposure (30-60 min) of the 
TLC plate to UV-365 nm or daylight the zone turns red (UV-365 nm) and violet (vis.), 
respectively. 

B The higher amount of naringin, neohesperidin and hesperidin in Aurantii pericarpium 
(2) is seen as a broad yellow band directly above the violet-red eriocitrin. The R f value 
depression Is caused by other plant products. 

Fig. 24C Development of DCM extracts of Aurantii pericarpium (3) and Orthosiphonis folium 
(4) in system 2 yields a series of blue fluorescent aglycones (UV-365nm). 

Besides sinensetin (R f 0.35/T2), A. pericarpium (3) shows eight to ten blue to violet- 
blue zones of hydroxyl a ted flavans (e.g. nob tie tin, tangeritin), coumarins and 
methylanthranilate in the range 0.05-0.8 (see also Chap. 6, Fig. 17,18). 
Orthosiphonis folium (4): sinensetin (Tl) is the major compound with scutellarein 
tetramethyl ether directly above and eupatorin and 3*-hydraxy-5,6,7,4'~tetramethoxy- 
flavone below (R, 0.3-0.4). 

D Eriodictyonis herba (5). Treatment with NP/PEG reagent generates yellow and red zones 
(vis.) after 40-60 min exposure of the developed TLC plate (system 3) to UV-365 nm or 
daylight. 

E In UV-365 nm six yellow, orange-red or green fluorescent flavonoid aglycones are de¬ 
tectable: eriodictyol (R f ~ 0.3/T3) followed by a yellow-green zone of chrysoeriodictyol, 
an orange-red zone of xanthoeriodictyol and the green zone of homoeriodictyol (R t — 
0.55/T4). 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Tig. 25A 


B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 26A 


B 


Carclui mariae (Silybi) fructus 

1,2 Cardui marine fructus (Silybi fructus) 

(methanolic extract, 20 pi) 

T1 taxifolin (R, 0.4) ► silybin (R f — 0.6) 

T2 silychristin 

Rig. 25 chloroform-acetone-formic acid (75:16.5:8.5) 

A Natural products-polyethylene glycol reagent (NP/PEG No. 28) -» UV-365nm 
B Fast blue salt reagent (FBS No. 15) -» vis 


Cardui mariae fructus (1,2) is characterized in UV-365nm by two intense green-blue 
fluorescent zones of silybin/isosilybin (R f - 0.6/T1), silychristin (R f - 0.35/T2) and the 
orange zone of taxifolin (R, ~ 0.4/T1). 

Between taxifolin and silybin, silydianin is present in the silydianin race (2) only. The 
minor zones above silybin/isosilybin are due to their dehydroderivatives. 

All main zones become red-brown (vis) after treatment with the FBS reagent. 


Viburni cortex 

1 Viburni prunifoli cortex 

2 Viburni opuli cortex (methanolic extracts, 30 pi) 

T1 scopoletin 
T2 amentoflavone 
T3 catechin/epicatechin mixture 

Fig. 26 chloroform-acetone-formic acid (75:16.5:8.5) 

A KOFI reagent (No. 35) —> UV-365nm 
B Fast blue salt reagent (FBS No. 15) —> vis 


Viburni cortex. The samples 1 and 2 show with KOH reagent in UV-365 mil seven to ten 
blue or greenish fluorescent zones distributed over the whole R r range. 

The presence of the blue fluorescent scopoletin (R f ~ 0.7/Tl) and the dark-green 
fluorescent biflavonoid amentoflavone (R f — 0.4/T2) is characteristic for Viburni 
prunifolii cortex (1). 

With FBS reagent the Viburni cortex samples 1 and 2 develop four to six red-brown 
zones in the vis. Amentoflavone (T2) is a characteristic main red-brown zone in V. 
prunifolii cortex (1), while a high amount of catechin/epicatechin (R r - 0.15/T3) charac¬ 
terizes Viburni opuli cortex (2). 
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Flavonoids 


Ginkgolides 


Reference solutions 

Adsorbent 

Chromatography 

solvents 


7*2 Ginkgo biloba 


7.2.1 Preparation of Extracts 

A total of 10 g fresh leaves and 50 ml methanol are homogenized for 10 min in a Warren 
blender. The filtrate is evaporated to about 2 ml, and 10pl-20pl is used for TLC. 

A total of 1 g dried leaves is extracted with 30 ml methanol for 30 min under reflux. The 
clear filtrate is evaporated to dryness and, dissolved in 2 ml methanol and 10-20pi is 
used for TLC. 

Commercially available pharmaceuticals, such as liquid preparations, are used directly 
for TLC investigations (10-20 pi) or one to two powdered tablets or dragees are extracted 
with 5 ml methanol for 5 min on a water bath; 1G-20 pi of the filtrate is used for TLC. 

A total of40g fresh leaves is boiled in water for 20 min, filtered through Whatman paper 
followed by Celite (Hyflosupercel). Activated charcoal is added to the filtrate and stirred 
for 12 h at room temperature. The mixture then is centrifuged, the supernatant discarded 
and the charcoal residue dissolved in 20 ml acetone after filtration through a glass filter. 
The filtrate is concentrated to about lml, and 10pi is used for TLC. 


7.2.2 Thin-Layer Chromatography 

Test mixture A: 3 mg rutin, 2 mg chlorogenic acid and 3 mg hyperoside in 10 mi 
methanol. 

Test, mixture B: 1 mg bilobetin, ginkgetin/isogiokgetin and sciadopitysin in 3 mi 
methanol. 

Ginkgolides A,B,C and bilobalide: 1 mg is dissolved in 1 ml methanol. 

Silica gel 60F 25 , r precoated TLC plates (Merck, Darmstadt). 

« Ethyl acetate-glacial acetic acid-formic acid-water flavonoid glycosides 
(100:11:11:26) 

• Chloroform-acetone-formic acid (75:16.5:8.5) biflavonoids 

* Toluene-acetone (70:30) ginkgolides 


7.2.3 Detection 

* UV-254 mm Flavonoids show quenching 

UV-365 mm Flavonoids fluoresce brown, dark green 

• Spray reagent (see Appendix A) 

- Natural products-polyethylene glycol reagent (NP/PEG No, 28) 

—> Flavonoids and biflavonoids: yellow-orange and green fluorescence in UV- 
365 nm. 

- Water or acetic anhydride -» Ginkgolides 

The TLC plate is sprayed either with water or with acetic anhydride and heated for 
30-60 min at 120°C, The ginkgolides and bilobalide then develop blue or green-blue 
fluorescence in UV-365 nm. 
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7.2.4 Drug Constituents 


Dmg/plant source 

Family 

Main constituents 

Ginkgo bilobae folium 

0.5%~ 1% total flavonoids: (—20 compounds) 

Ginkgo leafs 

Quercetin, kaempferol and isorhamnetin glycosides: 

Ginkgo biloba L. 

q-, k-, i-3-0-«-rham.nosyl~(l —> 2)-u-rhamnosyl- 

Ginkgoaceae 

(1 -.■> 6)-p-glucoside, quercitrin, isoquercifrin, 

rutin, k-7-O-glucoside, k-3-O-rutinoside, 
astragalin, dihydrokaenipferol-7-O-glu coside, 
isorhamnetin-3-() -rutinoside 


3 , -0-methylmyr.icetin-3-0-glucoside, luteolin 

Flavonol acyiglycosides: 

Q-, k~, i~ O-a-rhamnopyranosyl-4-O-p-D- 
(6” J -trans-p-coumaroyl)-gl ucopyranoside 

Biflavonoids: amentoflavone, btlobetin, 

5 ’ - m e tho xyb il o be tin, ginkgetin, isoginkgetin, 
sciadopitysin 

0,01%-0.04% ginkgolides A,B,C; bilobalide 

Ginkgolic acid, 6-bydroxyicynurenic acid, 
shikimic acid, chlorogenic acid, p-coumaric acid, 
vanillic acid - (Ginkgol) 

Catechin, epi-, gallo- and epigallocatecliin 


7.2.5 Formulae 


OH 



Fig. 27,28 


Qu e rcet i n- <> r h am n opyran o syl -4”-0 -p-D- (6”*-tr ans -p-coumaroyl) -gl ucopyran o si d i 
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6-Hydroxykynurenic acid Shikimic acid 



Bilobetin 
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Leaf sample 


Reference 

compound 


Solvent system 


Detection 


Fig. 27A 


B 


Fig. 28C 


7.2.6 Chromatogram 

Ginkgo bilobae folium 


.1 Ginkgo biioba (origin Germany) 

2 Ginkgo biioba (origin Korea) 

3 Ginkgo biioba (origin Italy) 

4 Ginkgo biioba (commercial extract) 


5 Ginkgo biioba (pharmaceutical 
preparation) 

6 Ginkgo biioba (green leaf/Germany) 
(extract preparation see Sect. 7.2.1) 

T4 bilobaiide 
T5 ginkgolide A 
T6 ginkgolide B 
T7 ginkgolide C 


Ti rutin (R, - 0.45) ► chlorogenic acid (R f - 0.5) 

► hyperoside (R r — 0.6) 

T2 bilobetin (R, - 0.45) 

T3 bilobetin (R, - 0.45) ► ginkgetin (R r - 0.6) 

► sciadopitysin (R,0.8) 


Fig. 27A, 28D ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 
Fig. 27B chloroform-acetone-formic acid (75:16.5:8.5) 

Fig. 28C toluene-acetone (70:30) 


A,B Natural products reagent (NP No. 28) -> UV-365 nm 

C Acetic anhydride reagent (AA No. 1) -» UV-365nm 

D Natural products-polyethylene glycol reagent (NP/PEG No. 28) -4 UV-365 nm 


Ginkgo folium (1-3) is characterized in UV-365nm (NP reagent) by eight to ten green- 
yellow or orange-yellow fluorescent flavonoi glycoside zones in the R r range 0,2-0.75 and 
fiavonol aglycones and biflavonoids at the solvent front: 


R, front 

flavonoi aglycones, biflavonoids 

0.75 

isoquercitrin, astragalin, 

T 

dihydrokaempferol-7-O-glucoside 

0,6 

quercitrin 

0,5 

T 

6-hydroxykynurenic acid 

kaempferol-, quercetin-3-O - (6 m -tr an s-p- 
coumaroyl-4 w -glucosyl)-rhamnoside 

0.45 

narcissin, isorhamnetin-rutinoside 

0.40 

rutin (Tl), quercetin-, kaempferol-, 
isorhamnetin-3-0-(2"-6 w -di-0-a-L- 

t 

rhamnopyranosyl)-|3-D-glucopyranoside 

0,25 

fiavonol triosldes 


yellow-orange 
green-yellow 
green-yellow 
orange-yellow 
light blue 


green-yellow 

yellow-orange/green 

yellow-green/orange 

yellow-green/orange 


The biflavonoids in Gingko folium (2,3) are separated in system B: bilobetin 
(R, — 0.45/T2), one zone ofginkgetln/isoginkgetin (R f - 0.6) and sciadopitysin (R, - 0.8/ 
T3). The blue fluorescent hydroxykynurenic acid and yellow-orange fluorescent flavonoi 
glycosides remain at the start. 


The reference compounds ginkgolide A-C and bilobaiide are separated in system C and 
detected in UV-365 nm after spraying with acetanhydride and heating (30min/] 20°C) as 
green and blue fluorescent zones. In Ginkgo leaf preparations, enriched with ginkgolides 
(see Sect. 7.2.1), these four compounds are present, but overlapped by various blue 
fluorescent zones and not reliably detectable by TLC methods. Therefore, for an 
unambigious detection of them the high-performance liquid chromatography (HPLC) 
method is recommended. 

the enriched and standardized extracts of commercial Ginkgo preparations (4,5) are 
free of biflavonoids and therefore do not show yellow zones at the solvent front, as seen 
in extract 6. 
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Fig. 27 


Fig. 28 
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Fig. 29,30 


Fig. 29,30 


Fig. 29,30 


7.3 Echinaceae radix 


7.3,1 Preparation of Extracts 

Powdered drug (1 g) is extracted with 75 ml methanol under reflux for 1 h. The filtrate is 
evaporated to 5 ml, and 30 pi is used for TLC investigations. 


7.3.2 Solvent Systems and Detection 

Hydrophilic compounds such as caffeic acids derivatives are separated in toluene- 
ethylformiate-formic acid-water (5:100:10:10) over silica gel 60F JSf , plates (Merck, Ger¬ 
many) and inspected LnUV-254nm (quenching zones) and, after treatment, with natural 
products-polyethylene glycol reagent (NP/PEG No. 28) detected in UV-365 mu as blue 
fluorescent zones. 

Lipophilic compounds such as alkyl amides are separated over silica gel in the solvent 
system toluene-ethyl acetate (70:30) and detected with vanillin-sulphuric acid reagent 
(VS No. 42), vis. 


7.33 Drug List 


Drug/plant source Main constituents 

Family 


Echinaceae radix 

E, angustifoliae radix 
(narrow-leaved) coneflower root 
Echinacea angustifolia DC 
Asteraceae 

► Herba 

► Flos 


0,3%-1.3% eehinacoside 

Cynarin, traces of cichoric acid, caffeoyl 

quinic acid derivatives 

Alkylamides 

Verbascoside (-desglucosyl-echinacoside) 
Eehinacoside (0.1%-1%), rutin 


E. pallidae radix 

E. pallida NUTT. 
Asteraceae 
► Herba 


0.4%-1.7% eehinacoside 
6-0-caffeoyl-verb as coside 
Caffeic acid derivatives; alkyl amides 
D esrh a mnosy 1 -verbascoside; rutin 


E. purpureae radix 
black sampson root 
E. purpurea (L.) MOENCH 
Asteraceae 
► Herba 


0.6%-2.1% cichoric acid 

Chlorogenic acid, caffeic acid derivatives, 

no eehinacoside; alkylamides 

Cichoric acid and met hyl ester, rutin 




243 


7_Fiayo noid Drugs Including Ginkgo Biloba and Kch in 


Dreg/plant source Main constituents 

Family 


Common substitute or adulterant of Echinaceae radix 


Parthenimn integr[folium 
Cutting almond, wild quinine 
Missouri snake root 
Parthenium integrifolium 1 . 
Asteraceae 


Sesquiterpene esters 
Hchinadiol-, epoxyechinadiol-, 
echinaxanthob and 
dihydroxynardol - cinnamate 
Caffeic acid derivatives 


Fig* 29,30 


73.4 Formulae 

See Sect. 7.1.5 Formulae 
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7.3.5 Chromatogram 

Echinaceae radix 


Radix samples 


Reference 

compounds 

Solvent system 


Detection 


1 Echinacea angustifolia 

2 Echinacea pallida 

3 Echinacea purpurea 

4 Parthenium mtegrifolium (adulterant) (methanolic extracts, 30 }tl) 

T1 chlorogenic acid T3 caffeic acid 

T2 cichoric acid T4 p-sitosterin 

Fig. 29 toluene-ethyl formiate-formic add-water (5:100:10:10) caffeic acid derivatives 

Fig, 30 toluene-ethyl acetate (70:30) sesquiterpenes, polyacetylenes. 

Fig. 29A Natural products-polyethylene glycol reagent (NP/PEG No. 28) UV- 
365 nm 

Fig. 30B,C Vanillin-sulphuric acid reagent (VC No. 42) -4 vis B 100 <} C/10 min 
C 100°C/5 min 


Fig. 29A Methanolic extracts of the Echinaceae radix samples 1-3 and Partenium mtegrifolium 
(4) can be differentiated in UV-365nm by their number, amount and R f range of blue 
fluorescent caffeic acid derivatives. 

E. angustifoliae radix (1) and E. pallidae radix (2) are characterized by echinacoside, 
seen as main compound at R f — 0.1 besides five to six less concentrated zones in the R, 
range 0.2-0.8. Desglucosyl-echinacoside (=verbascoside) in (1) and desrhamnosyl- 
echinacoside in (2) are found in the R f range of chlorogenic add (Tl) and above. Cynarin 
(R f - — 0.75) is found in (I) only. Cichoric arid (R f ~ 0.8/T2) is present in low concentra¬ 
tions in (1) and (2), while in E. purpureae radix (3) cichoric arid is the major compound. 
Chlorogenic acid is identified at R t - 0.45 (Tl); echinacoside is not present in sample 3. 
Partheniumintegrifolium (4) as a common substitute of E, purpurea shows ten to twelve 
weaker blue zones of caffeic arid derivatives in the R, range 0.2-0.8. 

Note: In the drug part “Herba” of Echinacea angustifolia verbascoside, of Echinacea 
pallida desrhamnosyl-verbascoside and of Echinacea purpurea cichoric acid and 
methylester are found. In addition, rutin is present in E. angustifoliae and E. pallidae 
herba, 

Echinacoside is unstable in solution and is missing in extracts that have been stored for 
a long time, 

Fig 30B The lipophilic compounds separated in solvent 2 and detected with VS reagent allow an 
easy differentiation of all four radix drugs: 

E. angustifolia (1): six to seven blue to violet-blue zones (R, 0.2-0,55) with alkylamides 
at Rj 0.35-0.55 (in the R r range of (3-sitosterin-test T4 and below). 

E. pallida (2): two prominent grey zones in the R r range 0,8-0,85 due to lcetoalkines, keto 
alkanes and hydroxylated ketoalkanes, grey zone at R,- — 0,25, 

E. purpurea (3): two weak grey-blue zones at R, — 0.2 and R f — 0.5 (p-sitosterm/T4) 

P* integrifolia (4): a dominating grey zone at K ( 0.6 (see C). 

C With VS reagent (3-5 min/100°) sample 4 reveals two blue and one orange zone (vis) due 
to echinadiol-cinnamate (blue/directly above the p-sitosterin test, T4), epoxi-echinadiol 
cinnamate (orange) and echinaxanthol cinnamate (blue/ not always present). 
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Fig. 29 


Fig. 30 








8 Drugs Containing Arbutin, Salicin 
and Salicoyl Derivatives 


8.1 Drugs with Arbutin (Hydroquinone derivatives) 


These drugs contain the hydroquinone-p-O-glucoside arbutin as their major compound, 
as well as small amounts of methyl-, 2-O-galloyl-arbutin, picein and free hydroquinone. 
Polyphenols (predominant, >15%), galloyi esters of glucose (e.g. Uvae ursi folium) and 
ellagtannins are also present. Other plant constituents such as flavonoids, coumarins 
and phenol carboxylic acids can be used to identify and characterize the “arbutin 
drugs”. 


8.1,1 Preparation of Extracts 

Powdered drug {0.5™ lg) is extracted under reflux for approximately 15 min with 5 ml 
50% methanol. The hot extract is filtered and the filter then washed with methanol up to 
a total of 5.0 ml; 20-30 pi is used for TLC. 

To remove tannins t he solution is treated with 0.5 g basic lead acetate, vigorously shaken 
and then filtered. To remove interfering resins and lipids, the powdered drug can be 
extracted under reflux for about 15min with light petroleum before extraction with 
methanol. 


8.1.2 Thin-Layer Chromatography 

25mg arbutin and 25 mg hydrochinone are dissolved in 10ml 50% methanol; 10id is 
used for TLC. 

A mixture of 1 mg rutin, chlorogenic acid and hyperoside in 5 ml methanol; 10 ul is used 
for TLC. 

Silica gel 60 -precoated TLC plates (Merck, Darmstadt) 

Ethyl acetate-methanol-water (100:13.5:10) -> arbutin 

Ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) -4 fiavonoid glycosides 


8.1.3 Detection 


• U V-254 nm 

* UV-365 nm 

♦ Spray reagents 


Arbutin shows prominent quenching. 
No fluorescence of arbutin, 

(see list Appendix A) 


General method 


Reference 

solutions 

Adsorbent 

Chromatography 

solvents 
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ig. 1,2 


- Berlin blue reaction (B13 No. 7) 

All phenols appear as blue zones (vis). 

- Millons reagent (ML No. 27) 

Hydro quin one derivatives form yellow zones (vis). 

- Gibb’s reagent (DCC No. 10) Arbutin becomes blue-violet (vis) when the TLC plate 
is sprayed with a 1% methanolic solution of 2 > 6-dichloro-p-benzoquinone-4- 
chloroimide and then exposed to ammonia vapour. 


8.1,4 Drug List 


Drug 

Plant of origin 

Total 


Family 

hydroqui nones 

Uvae ursi folium 

Arctostaphylos uva-ursi (L.) 

4%-15% 

Bearberry leaves 

SPRENGEL 



Ericaceae 


Vitis idaeae folium 

Vaccinum vitis idaea L. 

5.5%-7% 

Cowberry leaves 

Ericaceae 


Myrtilli folium 

Vaccinium myrtillus L. 

0.4-1.5% 

Bilberry leaves 

Ericaceae 


Bergeniae folium 

Bergenia crassifolia 

-12% 

Callunae herba 

Calluna vulgaris 

-0.65% 

Pyri folium 

Pyrus communis 

-4.5% 

Viburni cortex 

Viburnum prunifolium 

-0.5% 


(see Fig. 26) 



8.1.5 Formulae 


OR 



0-Glucose 

Arbutin R = H 

Methylarbutin R = CH 3 



0-Glucose 

Picein 

(Piceoside) 
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8.2 Drugs Containing Salicin and Its Derivatives 


Salicin, a (2-hydroxymethyl)-phenybp-D-glucopyranoside, and its derivatives fragilin, 
salicortin, 2'-0-acetylsalicortin, tremulacin and salireposide are major constituents of 
various Saiix species. Salicin, salicortin and tremulacin are also present in buds of 
Pop ul us trem ula L 

Picein (piceoside), a p-hydroxyacetophenone glucoside, has been identified in Saiix 
cinerea, Uvae ursi folium and in sprouts of Pinus picea L» and Picea species. 


8.2,1 Preparation of Extracts for TLC 

Powdered drug (1 g) is extracted with 50 ml MeOH for 30 min under reflux. The filtrate General method 
is evaporated and the residue resolved in 3 ml methanol; 20-40pi is used for TLC. 

A total of! ml extract (see above) and 0.5 mi 0.1 N NaOH are stirred for 60 min at 60°C; Hydrolysis 

0.5 ml l N HCI is added to stop hydrolysis, 5 ml methanol is added and 20-30j.il is used 
for TLC. 


8.2.2 Thin-Layer Chromatography 

2.5 mg salicin or derivatives are dissolved in 1 ml methanol, 
20 pi is used for TLC. 

Silica gel 60 F 254 -precoated TLC plates (Merck, Darmstadt) 
Ethyl acetate-methanol-water (77:13:10) 


Reference 

compound 

Adsorbent 

Chromatography 

solvent 


8.2.3 Detection 

• UV-254 nm Quenching of salicin and derivatives. 

• Spray reagent (see Appendix A) 

- Vanillin-glacial acetic acid reagent (VGA No. 39) 

After spraying, the plate is heated for 3-5 min at U0°C under observation. Salicin 
and derivatives show grey, violet-grey and brown zones (vis). 


8.2.4 Drug List 


Saltcis cortex 
Willow bark 
from various 
Saiix species 
Salicaceae 
MD 


0,2%~10% phenolic glycosides: depending on the species or season Fig. 3,4 

Salicylates calculated as total salicins 

(after alkaline hydrolysis, for method see section 8.2,1) 

Salicin, triandrin, fragilin, salicortin, 3'- and 2'-0-acetyl- 
salicortin, vimalin, salireposide, tremulacin 
Isosalipurposide; tannins 
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Salix alba L. white willow 0.5%~1% total salicins 

Salix cinerea L. grey willow ~0.4% total salicins 

Salix daphnoides L. violet willow 4,9%-8.4% total salicins 

Salix fragilis L. crack willow 4%-l0% total salicins (e«g. 2'-Q- 

acetylsalicortin) 

Salix purpurea L. red willow 3.4%-7.4% total salicins (e.g. salicortin) 

Salix pentandra L. bay willow 0.9%-lT% total salicins 

Salix viminalis L. common osier -0,2% total salicins (e.g. triandrin) 


8.2*5 Formulae 



Salicin Fragilin R - 6'-0-Acetylglucose 

Populin R = 6' -O-Benzoylglucose 


0 



Salicortin Triandrin R = H 

Trent ulacin: Vimalin R = 

2'-0-Benzoyl“Salicortin 


0=C-CH 3 



Picein Isosalipurposide 
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8.3 Chromatograms 


Arbutin drugs 


Drug sample 1 Vitis idaeae folium 

2 Uvae ursi folium 

3 Myrtilii folium (methanolic extracts, 20-30 pi) 


Test mixture T1 arbutin (R, — 0.4) ► hydroquinone (front) 

T2 rutin (R f ~ 0.35} ► chlorogenic acid (R t > — 0.4) ► hyperoside (R f ~ 0.55) 

Solvents system Fig. JA-C ethyl acetate-methanol-water (100:13,5:10) 

Fig. 2D ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 


Detection A Gibb’s reagent (DCC No. 10) ~H> vis. 

B Berlin blue reaction (BB No. 7) vis 
C Millons reagent (ML No. 27) —> vis 

D Natural products-polyetliylene glycol reagent (NP/PEG No.28) —> UV-365nm 


Fig. 1 Phenolglucosides 

A Vitis idaeae folium (1) and Uvae ursi folium (2) are characterized by the prominent 
distinct blue arbutin zone at R f ~ 0.4 (Tl). 

The arbutin content in the extract of Myrtilii folium (3) is too low for detection with the 
DCC reagent. Instead of arbutin, an indistinct grey zone at R, 0,4 is seen. 

Additional grey zones are found below and above arbutin. Hydroquinone (Tl) at the 
solvent front appears brown-violet. 

B*C The Berlin blue reaction shows arbutin as a blue (~>B), the Millons reagent as a yellow 
zone (—>C) in sample 1. In sample 3, in the R r range of arbutin two minor blue (—>B) and 
yellow (—»C) zones are detectable. 

Fig. 2 Flavonoids 

D The three drug extracts can be distinguished by their different flavonoid and phenol 
carboxylic acid content when separated in the polar solvent system and detected with 
NP/PEG reagent in UV-365 nm. 

Vitis idaeae folium (1) is characterized by six yellow-orange fluorescent flavonoid glyco¬ 
sides in the R f range 0.35-0.8. The major zones are found at R r — 0.8 and in the R ( range 
of the hyperoside test (T2). As a minor zone rutin is detected at R, ~ 0.35 (T2). 

Uvae ursi folium (2) and Myrtilii folium (3) also show their principal flavonol glycosides 
in the R r range of the hyperoside test (T2) accompanied by minor orange zones directly 
below, as in sample 2, and above, as in sample 3. 

The flavonoid glycosides in Uvae ursi folium are due to quercetin-3-fhD-6'-0-gal!oyl- 
galactoside, hyperoside (>1%), isoquercitrm, quercitrin and myricetrin. 

The blue fluorescent zones in the R r range of the chlorogenic acid test (see T2) are 
prominent in sample 3„ while 1 and 2 show more highly concentrated zones in the upper 
R f range. 




8 Drugs Containing Arbutin, Salicin and Salicoyl Derivatives 253 








254 


Salicis cortex 
sample 


Reference 

compound 

Solvent system 
Detection 

Fig, 3 
A 


B 


Fig. 4A 

C 


Salicis cortex 

1 Salix pentandra 

2 Salix purpurea 

2a Salix purpurea (after alkaline hydrolysis) 

3 Salix alba 

4 Salix species (trade sample) 

5 Salix alba (freshly harvested bark) 

5a Salix alba (after alkaline hydrolysis) (methanolic extracts, 20-40pi) 

Tl salicin 
T2 salicortin 
T3 salireposide 
T4 isosalipurposide 
T5 triandrin 

Fig. 3,4 ethyl acetate-methanol-water (77:13:10) 

Fig. 3A,4A Vanillin-glacial acetic acid (VGA No. 39) 5 min/110°C vis 

Fig, 3.B Natural products-polyethylene reagent (NP/PEG No.28) -* UV-365 nm 

Fig. 4C Vanillin-glacial acetic acid (VGA No.39) 10 min/110 a C —» vis 


The Salix species 1-3 can be distinguished after treatment with the VGA reagent (-4 A, 
vis) and the NP/PEG reagent (—> B, UV-365 nm). 

Salix pentandra (1) and S. purpurea (2) show a similar TLC pattern of four weak grey 
and violet zones in the R, range 0.25-0.45 with salicin at R r ~ 0.4 (Tl), a red-brown zone 
at Rj 0.85 and two grey zones at the solvent front, Salix purpurea (2) is distinguishable 
by two additional prominent red zones in the R t range 0.55-0,6. 

In S. alba (3), only three weak zones in the R ( range 0.3-0,45 are detectable, 

Salicin migrates as a grey-violet zone to R r - 0.45. The phenol glycosides salicortin (T2), 
salireposide (T3), isosalipurposide (T4/chalcone) and triandrin (T5) are found as grey- 
violet zones in the R r range 0.45-0.55. 

The Salix species 1-3 differ in their flavonoid glycoside content (l%-4%) and pattern. In 
the R f range 0.4-0.6, sample 1 has two yellow-green and sample 3 three weaker green- 
blue fluorescent zones. Sample 2 is characterized by the green zone of naringenin-7- 
glucoside directly above the prominent red-orange fluorescent zone (R, range of 
eriodictyol-7-O-glucoside) and the yellow isoquercitrin zone at R f — 0.4, 

After treatment with the VGA reagent and heating of the TLC plate for 10 min at U0°C, 
the samples 2,4,5 show up to seven grey, violet or prominent red zones in the R f range 
0.35-0,6, The zone of salicin (Tl) can be overlapped by other compounds (e.g. sample 5). 

The salicylates salicortin, tremulacin, 6'-0-acetylsalicin and 2 , -0-acetylsalicortin> which 
are naturally present in the drugs, are easily hydrolyzed to salicin (see Sect. 8,2.1). A 
comparative TLC analysis of a methanolic S. purpurea extract (2) and its hydrolysis 
product (2a) shows salicin as a prominent grey zone at R ( — 0.4 (R f value depression). In 
a hydrolyzed extract (5a) of a Salix alba sample (5), salicin was not detectable. 

The red zones maybe due to dimeric and trimeric procyanidines, a biflavonoid catechin- 
taxifotin, catechin and gallotannins. 
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9 Drugs Containing Cannabinoids and Kavapyrones 


9.1 Cannabis Herba, Cannabis sativa var. indica L., Cannabaceae 


The cannabinoids are benzopyran derivatives. Only A9,10-tetrahydro-cannabinol (TllC) 
shows hallucinogenic activity. The type and quantity of the constituents depend on the 
geographical origi n of the drug, climatic conditions of growth, time of harvesting and 
storage conditions. 

Marihuana: the flowering or seed-carrying, dried branch tips of the female plant. 
Hashish: the resin exuded from the leaves and dower stalks of the female plant. 


9.1,1 Preparation of Drug Extracts 

Powdered drug (1 g) is extracted by shaking at room temperature for 10mi.n with 10 ml 
methanol. The filtrate is evaporated and the residue dissolved in 1 ml toluene; depending 
on the cannabinoid concentration, 5-50 pi is used for TLC. 


9.1.2 Thin-Layer Chromatography 

10 mg thymol is dissolved in 10 ml toluene; 5 pi is used for TLC. 

I mg synthetic tetrahydrocannabinol (THC) is dissolved in 5 ml CHClj; 3 pi is used for 
TLC. 

Silica gel 60 F^-precoated TLC plates (Merck, Darmstadt) 

n-hexane-diethyl ether (80:20) or 
n-hexane-dioxane (90:10) 


9.1,3 Detection 

* UV-254nm Prominent quenching of cannabinoids. 

• Fast blue salt reagent Cannabinoids appear orange-red or carmine (vis); 

(FBS No.15) standard thymol gives an orange colour. 


Reference 

solutions 

Adsorbent 

Chromatography 

solvent 
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9.1.4 Formulae 



Gannabidiol acid (CBDS) 


HO 



Cannabidiol (CBD) 



9.2 Kava-Kava, Piperis methystici rhizoma. 

Piper methysticum G. FORST., Piperaceae (MD, DAC 86) 


Depending on its geographical origin, the drug contains 5%-9% kavapyron.es. These are 
derivatives of 6-styryl-4-methoxy-a-pyrones with anticonvulsive, muscle-relaxing and 
generally sedative effects. 


9.2.1 Preparation of Drug Extracts for TLC 

Powdered drug (0.6 g) is extracted with 10 ml dichloromethane for 10 min under reflux 
and 0.5 g of a commercial extract is dissolved in 5 ml methanol; 10 fd of each filtrate is 
used for TLC investigation. 


9.2.2 Thin-Layer Chromatography 

Reference 1 mg kawain is dissolved in 1 ml MeOH; 10 pi is used for TLC. 

Adsorbent Aluminium oxide 60 F 2S+ (Merely Darmstadt) 

Chromatography n-hexane-ethyl acetate (70:30) (2 X 15 cm) 
solvent 
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9*23 Detection 

* UV-254 nm Prominent quenching of all kawapyrones. 

* Spray reagent Anisaldehyde sulphuric acid reagent (AS Nfo.3) 

(see Appendix A) Red to violet-red zones (vis.)- 

9.2.4 Formulae 

Piperis methystici rhizoma (Kava-Kava) 



R 2 

Desmethoxy- 

yangonin (0,6-1%) R, = R 2 = H 
Yangonin (1-1,7%) R, « OCH 3 ; R 2 - H 


nnw 



R 2 


Kawain (1,8-2.!%) R, = R 2 = H 
Methysticin (1,2-2%) R 1# R 2 - -0CIi 2 0~ 


nr cl 



Dihydrokawain (0,6-1%) R t = R 2 - H 

Dihydromethysticin (0,5-03%) R i} R 2 ~ -0CH 2 0- 
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Drug sample 

Reference 

Solvent system 
Detection 

Fig. 1 


Drug sample 

Reference 
Adsorbent 
Solvent system 
Detection 

Fig. 2A 


93 Chromatograms 
Cannabis herba. Hashish 

1 Hashish (Turkish, 1980) 3 Hashish cigarette 

2 Hashish (Iranian, 1980) 4-6 Cannabis herba (drug collection) 

T thymol 

THC tetrahydrocannabinol (synthetic) 

Fig. 1 n~hexane~diethyl ether (80:20) 

Fast blue salt reagent (FBS No. 15) followed by 0.1 M NaOH~> vis 


Treatment with FBS-NaOPI reagent shows intense red-violet to red-orange zones (vis.). 
Hashish samples 1 and 3 show two prominent red zones in the R, range 0.45-0,55 due to 
cannabinol (CBN) and cannabidiol (CBD). 

Between CBS and CBN, sample 2 has the additional red-violet zone of tetrahydrocanna¬ 
binol (THC) at R f ~ 0.5. The three to four red zones from the start up to R, — 0,15 are due 
to cannabidiol acid and other polar cannabinoids. 

Cannabis herba samples 4-6 contain cannabinoids in low concentrations only. 


Kava-Kava rhizoma, Piper methysticum 

1 Kava-kava rhizoma 

2 Kava-kava extraction (trade sample) 

T1 kawain 

Fig. 2 aluminium oxide 60 F 251 plates 
n-hexane-ethyl acetate (70:30) (-* 2 X 15 cm) 

A without chemical treatment —» UV-254 nm 
B Anisaldehyde-sulphuric acid reagent (AS No. 3) -» vis 


The Kava-extracts (1,2) are characterized in UV-254 nm by five lactones in the R, range 
0.4-0.8: 


methysticin 
djhydromethysticin 
kawain (Tl) 
dihydrokawain 
d esmethoxyk a wa i n 


R f ~ 0.4 1.2%-2.1% 

R r - 0.45 G.5%-0.8% 

Rf - 0.55 1.8%-2.1% 

R f - 0.65 0.6%-1% 

R r - 0.75 


The quenching zones in Fig. 2 A appear red to blue-violet after treatment with the AS 
reagent. Kawain (Tl) is seen as a red-violet zone at R, — 0.55, followed by weaker violet 
zones of dihydrokawain (R f — 0.65) and desmethoxykawain ( R r — 0.75). In the R f range 
below kawain, the violet zone of dihydromethystidn (R, — 0.45) and methysticin (R f — 
0.4) are found. A very weak yellow zone of yangonine can overlap the kawain zone at R f 
- 0 . 6 . 
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10 Drugs Containing Lignans 


Lignans are formed by oxidative coupling of p-hydroxyphenylpropene units, often 
linked by an oxygen bridge. They are found in fruits, foliage, heartwood and 
roots. 


10.1 Preparation of Extracts 


Powdered drug (1 g) is extracted by heating under reflux for 10 min wi th 10 ml methanol. 
The filtrate is evaporated to 3 ml and 20-30 pi is used for TLC. 

Powdered drug (1 g) is extracted with 10 ml 50% methanol by healing under reflux for 
15 min; after cooling, 15 ml water-saturated n-butanol is added. After shaking for 5 min, 
the butanol phase is separated and evaporated to approximately 1 ml; 20-40 pi is used 
for TLC. 

Powdered drug (10 g) is extracted with 100 ml ethanol by slow percolation. The percolate 
is concentrated by evaporation until the residue has the consistency of a thin syrup and 
is then poured, with constant stirring, into 100 ml water containing 1 ml HCl (38%), and 
precoofed to a temperature below 10°C. The precipitate is decanted and washed with two 
100-ml portions of cold water; 0.1 g dried resin is dissolved in 2 ml methanol, and 20 pi 
is used for TLC. 


ID.2 Thin-Layer Chromatography 


Cubebin, podophyllotoxine, eleutherosid.es B, E, E,: 

1 mg is dissolved in 1 ml methanol; 20 pi is used for TLC investigation. 

Silica gel 60 F^-precoated plates (Merck, Darmstadt) 

Chloroform-methanol-water (70:30:4) —> Eleutherococci radix, Visci albi herba 

Chloroform-methanol (90:10) —> 6 cm Podophylli rhizoma, Podophyllin 

followed by toluene-acetone (65:35) 

Toluene-ethyl acetate (70:30) -4 Cubebae fructus 


Cubebae fructus, 
Podophylli rhtz, 

Eleutherococci 
radix, Visci albi 
herba 


Podophyllin resin 


Reference 

solution 

Adsorbent 

Chromatography 

solvents 
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103 Detection 


UV-254 nm ail lignans show prominent quenching. 
UV-365 nm e.g. eleutheroside E, gives blue fluorescence. 
Spray reagents (see Appendix A) 

50% ethanoiic sulphuric acid 
Van ill in-phosphoric add reagent (VP No. 41) 

Fast blue salt reagent (FBS No. 15) 

Antimony-(lIl)-chloride reagent (SbCl 3 No, 4) 


Vanillin-sulphuric acid reagent (VS No. 42) 


Cubebae fructus, 

—> Eleuthe.rococci radix 
—► specific for peltatins 
-> syringin/Eleutlierococci 
radix 

essential oil compounds/ 
Cubebae fructus 


10,4 Drug List 


Drug/plant source 
Family/pharmacopoeia 

Fig. 1, 2 Eleulherococci radix (Rhizoma) 
Siberian ginseng 

Eleutherococcus senticosus MAXIM 
Araliaceae 

m:d 


Fig. 3, 4 Visci albi herba 
White mistletoe 
Viscum album ).. var. malus 
Deciduous mistletoe 
(on practically all European 
deciduous trees, except beech) 
var. abies (WIESB.) ARROMEIT 
Silver fir mistletoe (on Abies 
species) 

var. pinus syn. ssp. austriacum 

(WIESB.) VOLLMANN 

Scots pine mistletoe (on Pinus spp.; 

or Picea excels a LINK) 

Viscaceae/Loranthaceae 

DAG 86, MD 


Main constituents 


0.05%~0.1% lignans 
Eleutheroside E (syrmgaresinol-4', 
4"-0-di-p-glucopyranoside), 
eleutheroside E, (syringaresinol- 
4'~0-p-D-monoglucopyranoside), 

(—Jsyrtngaresinoi, sesamin 
Phenylpropane derivatives: 
eleutheroside B (= syringin, 

Q%-Q,5%). Caffeic acid ethyl ester, 
conifery I aldehyde, sinapyl alcohol 
Essential oil (-0.8%) 

Coumarins: isofraxidin, -7^0-glucoside 

Lignans: eleutheroside E, E, 
Phenylpropane derivatives: 

0.04%-0.07% syringin 

(= syringenin-4-O-p-D- 

glucopyr a noside), 

syringenin-4-O-P-D- 

apiofuranosyl-l-H>2-p-D- 

glucopyranoside 

Plant acids (~ 15): 

caffeic, sinapic, syringa, p-coumaric, 

protocatechuic, chlorogenic, vanillic, 

femlic, p-hydroxy, benzoic and 

shikimk add 

Free amino acids <0.4% (leaves) (—1.8 
in fresh leaves): e.g. r- arginine, 
alanine, proline, L-serin, tyrosine 
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Drug/plant source Main constituents 

Family/pharmacopoeia 

Flavonoid pattern 
European mistletoes: 

V is cum album L.: quercetin and its methyl ethers (e.g. rhamnetin, isorhamnetin, 
rhamnazin) 

2Chydroxy-4^Cdiittethoxy-diaicoin4-glucoside; 

Loranthus europaeus L: rh amnocitrin-3-O-rham noside, rhamnetin-3~0~glucoside, 
rhamne tin -3 - O-rhamnosid e 
Non-European mistletoe: 

Viscum album var. coloratum (Japan): 

flavoyadorinin A (^ 7,3 f ~di-0-methylquercetin (rhamnazin)-3-0-glucoside), 
Havoyadorinin R (= 7,3'-di-0-methylluteolin-4'-0-mono-gliicoside), 
homofiavoyadorinin B (= 7,3'-di-G-methylluteolin-4'-0-glucoapiQside) 

Psittacanthus cuneifolius (Argentinia): 

quercetin-3-O-rhamnoside (= quercitrin), quercetin-3-O-xyloside (reynoutrin), 
quercetin-3-O-a-arabinofuranoside (avicularin) 

Loranthus parasiticus (China): quercetin, quercetin-3 <Darabi.no side 
Phoradendron tomentosum (Texas): vitexin, 6-C-glucosyl-8-C-arabinosylapigenin 
( = schaftoside), 6-C-arabinosyl-8-C-glucosylapigenin (- isoschaftoside), apigenin-4'- 
O-glucoside, apigenin 


Podophylli rhizoma 

Podophyllum 

May apple, Mandrake root 
Podophyllum pekatum L. 
Berberidaceae 

3%-6% resin (~-16 compounds) with 
0.2%-l% podophyllotoxin and the 
p-D-glucoside; d-> [3-peltatine and 
their p-D-glucosides 

Picropodophyllin (an artefact due to 
extraction procedures) 

Fig. 5 

Podophyllum resin 

“Podophylline” 

MD 

Only aglycones due to extraction 
procedures: >20% podophyllotoxin, 
a-, P-peltatines, desoxy and 
dehydropodophylline 


Indian Podophyllum 

Podophyllum emodi WALL. 
Berberidaceae 

MD 

6%-12% resin with 1 %-4% 
podophyllotoxin, only traces of 
peltatines, berberine 


Cubebae fructus 

Cubeb, Java pepper 

Piper cubeba L. 

Piperaceae 

i.5%-2.5% cubebin 

10%-18% essential oil 
tricyclic sesquiterpene alcohols; 

1,4-cineol, terpineol-4, cadinoh 
cadinene 

Fig. 6 
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10.5 Formulae 



e.g. Podophyilotoxin Cubebin 


R, 


R, 


H 

OH 

CH 3 

Podophyilotoxin 

H 

O-Gluc 

CH, 

Podophyilotoxin glucoside 

Ii 

11 

ch 3 

Desoxypodophyllotoxln 

H 

OH 

H 

4'-Desmethy I podophyilotoxin 

H 

O-Gluc 

H 

4'-Desmethylpodophyllotoxtn glucosidf 

OH 

H 

H 

a-Peltatin (PI) 

O-Gluc 

H 

H 

a-Pelt a tin glucoside 

OH 

H 

CH, 

p-Peltatin (P2) 

O-Gluc 

H 

ch 3 

p-Peltatin glucoside 


OCH 3 



och 3 och 3 


Eleutheroside E R - J3-D-Gluc Eleutheroside B R = p-D-Gluc 

Syringaresinol R - H Sinapyl alcohol R = H 


10 Drugs Containing Lignans 


267 




268 


10.6 Chromatograms 
Eleutherococci radix (rhizoma) 


Drug sample .1 Eleutherococci radix (type A) 

2 Eleutherococci radix (type B) 

3 Eleutherococci radix (type C) 

4-12 Eleutherococci radix (commercial drug samples) 

Reference Tl eleuthereside B (syringin) 
compound T2 eleutheroside E 

T3 syringaresinol monoglucoside E, 

T4 syringaresinol 


Solvent system Fig. 1, 2 chloroform-methanol-water (70:30:4) 


(n-butanoi extracts, 20 pil) 


Detection A Without chemical treatment —> UV-365 nm 

B Vanillin-phosphoric add reagent (VPA No, 41) —» vis 
C Antimony-(III)-chloride reagent (SbCl* No. 4) —> UV-365 nm 


Fig. 1A Eleutherococci radix samples 1-3 show phenol carboxylic acids and coumarins as blue 
fluorescent zones: chlorogenic acid at R f — 0.05, lipophilic plant adds and coumarins in 
the R f range 0,85-0.95. Their presence and amount varies according to plant origin. 

B Eleutherococci radix samples 1 and 3 are characterized by the blue to violet-red zones of 
eleutheroside B (syringin) (Tl) at R f — 0.5, eleutheroside E (T2) at R, — 0.35 and 
eleutheroside E, (T3) at R r — 0.65. Syringin (Tl) can be absent (e.g. sample 2} or is found 
in extremely low concentrations only. 

The amount of blue aglycone zones in the R f range 0.8-0.95 varies as do the grey zones 
in the Rf 0.05-0,15, which are partly due to free sugars. 

C The zone of syringin (Tl) fluoresces specifically orange-red with SbCl 3 reagent. Syringin 
is accompanied by a blue and yellow fluorescent zone directly above and below, 
respectively. 

Fig. 2 TLC Synopsis (VPA reagent, vis) 

As demonstrated with the Eleutherococcus samples 4-12, the amount and presence of 
eleutheroside B at R f — 0,5, as well as eleutheroside E at R, — 0.35 and its monoglucosi.de 
Ej at Rf - 0.65, varies depending on origin of the plant and the part of the roots used for 
investigation. The grey zones in the R f range 0.05 and 0.2 (e.g. chlorogenic acid, free 
sugars) and the blue-grey and violet-zones in the tipper R ( range are present in varying 
amounts. 
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Viscum album 


Drug sample 


Reference 

compound 


1 Viscum album (n-butanol extract) 

2 Viscum album (MeOH extract lg/10 ml/for flavonoids, 20pil) 

3, 4, 5 Viscum album (n-butanol extracts) 

6 Viscum album (pharmaceutical preparation) (n-butanol extracts, 20-40 pi) 
Tl eleutheroside E 

T2 syringenin- apiosylglucosid (R f — 0.3) + syringin (R f ~ 0.4) 

T3 rutin (R f 035) ► chlorogenic acid (R ( 0.4) ► hyperoside (R f 0,55) ► isochlorogenic 
add 

T4 eleutheroside B (syringin) 


Solvent system Fig. 3 A chloroform-methanol-water (70:30:4) 

B ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 
Fig. 4 A chloroform-methanol-water (70:30:4) 


Detection A Vanillin-phosphoric acid reagent (VPA No. 43) —» vis. 

B Natural-products-polyethylene glycol reagent (NP/PEG No. 28) —> UV-365nm 


Fig. 3A Viscum album sample 1 represents the characteristic TLC pattern obtained from Visci 
albi herba of European origin. A fter treatment with the VPA reagent, more than ten red 
or blue-violet and brown zones are found in the R r range 0.4 up to the solvent front, 
Eleutheroside E (R, ~ 0.4/T1) is normally present in most samples as a minor 
compound, 

Eleutheroside B (syringin) (R f — 0.45/T4) has a medium concentration in (1) but can be 
more highly concentrated e.g. sample 3, Fig. 4A. 

Synngenin-4-0-p-apiofuranosyl~glucopyranoside can be found at R r — 0.25. This very 
unstable compound (T2) easily forms syringin, 

B With the NP/PEG reagent, the methanolic Viscum album (2) extract develops a series of 
blue fluorescent zones from the start till up to R r - 0.55, due to various plant acids. The 
blue-green zones in the higher R, range might derive from quercetin ethers and chalcon 
glucosides. 

Fig. 4 TLC Synopsis 

A Three Viscum samplevS (3-5) collected from different trees show syringin (T4) at R, ~ 
0.45, and a variation of blue-violet and yellow zones due to other lignans and various 
phenol carboxylic acids. The pharmaceutical preparation 6 has an additional prominent 
blue zone above the syringin test. 

The pattern of compounds changes according to the origin of the plant (e.g. Mains, 
Abies, Pinus). 
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272 


Drug sample 

Reference 
Solvent system 
Detection 

Fig. 5A 


B 


Drug sample 
Reference 
Solvent system 
Detection 

Fig. 6A 

B 


Podophylli rhizoma 

1 Podophylli peltati rhizoma 

2 Podophylli emodi rhizoma 

3 Resin of Podophylli peltati rhizoma (methanolic extracts, 20-30 pt) 

Tl podophyllotoxin 

Rig. 5 chloroform-methanol (90:10) -> 6 cm ► then tolnene-acetone (65:35) -» 15 cm 

A Sulphuric acid 50% (H^SO* No. 37) —> vi$ 

B Fast blue salt reagent (RBS No. 15) vis 


With 50% H a S0 4 , Podophylli rhizoma (1,2) shows the blue to violet-blue lignan zones of 
podophyllotoxin (R r — 0.7/Tl) and «- and |3-peltatin (R r — 0.65/P 3 ; R f — 0.8/P 2 ), their 
corresponding glucosides at R f 0.05-0.15 and the aglycones at the solvent front. 
Podophyllotoxin (Tl) is more highly concentrated in Podophylli emodi rhizoma (2) 
than in Podophylli peltati rhizoma (1). 

The resin “podophyllin” (3) contains podophyllotoxin, a- and p-peltatin, and very small 
amounts of lignan glucosides. 

With FBS reagent the peltatins (PI, P2) and tannins form red-brown zones in vis (1-3). 
Podophyllotoxin does not react. 


Cubebae fructus 

1 Cubebae fructus (methanolic extract, 20 pi) 

Tl cubebin 

Pig. 6 toluene-ethyl acetate (70:30) 

A Sulphuric acid, 98% (H 2 S0 4 No. 37) —> vis 

B Vanillin-sulphuric acid reagent (VS No. 42) vis 


A methanolic extract of Cubebae fructus A, B (1) is characterized by the lignan cubebin, 
which forms with H 2 SQ 4 reagen t a red-violet zone at R f ~ 0.45 (vis) besides diffuse brown 
zones. 

Cubebin and the essential oil compounds, such as cadinol, a tricyclic sequiterpene 
alcohol, a mixture of isomer cadinenes, 1,4-cineol and terpineol-4, give prominent blue 
to violet-blue zones (B) with the VS reagent in the R r range 0.5 up to the solvent front. 
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11 Drugs Containing 1,4-Naphthoquinones 
Droserae herba, Dionaeae herba 


11.1 Preparation of Extract 


1* Powdered drug (1 g) is extracted for 15 min with 10 ml methanol on a water bath; 30 pi 
of the dear filtrate is used for TLC, 

2. Powdered drug (1 g) is distilled with 10 ml water and 1 ml 2 M H 3 P0 1( in a 50-inl flask 
through a glass pipe into a chilled glass tube until 3 ml distillate has been collected 
(see microdistillation, vSect 6.1). After cooling, the lipophilic compounds are ex¬ 
tracted with 1. ml pentane; 10 pi of this solution is used for TLC. 

The whole fresh plant is put through a tincture press until 1 ml plant juice has been 
collected. The juice is diluted with 9 ml CHCL, and 20 \i\ is used for TLC investigations. 


11.2 Thin-Layer Chromatography 


10mg plumbagin and juglone are dissolved in 1 ml methanol and lOpl are used for 
TLC investigation. 

Silica gel 60F 2rvl -precoated TLC plates (Merck, Germany) 

Toluene-formic acid (99:1) —> naphtoquinone aglycone 

Ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) —> glycosides 


113 Detection 


* AH naphthoquinones show quenching in UV“254nm. 

* After spraying with 10% methanol ic KOH reagent, naph to quin ones show red 
fluorescence in UV-365nm and red to red-brown colour (vis). 


Droserae 

herba 


Dionaeae 

herba 


Reference 

solutions 

Adsorbent 

Solvent 

systems 
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11.4 Drug List 


Drug/plant source 
Family/pharmacopoeia 

Fig, l Droserae rotundifoliae herba 
Round-leafed sundew 
Drosera rotundifolia L, 

► protected plant 

Fig. 1 Droserae longifoliae herba 

Long-leafed sundew 
from various Drosera species e.g.: 
Drosera ramentacea BURCH, ex 
HARV, et SOND, 

Drosera longifolia, D, anglica 
D. intermedia, D. burmanii 
Droseraceae 
M.D 

Fig. 2 Dionaeae muscipulae herba 
Dionaea muscipula ELLIS 
(syn. Drosera sessiliflora RAF.) 
Droseraceae 


Main constituents 


>0.5% 1,4-naphthoquinones, 
plumb agin, 7-methyl-juglone, 
droserone 


>0.25% l,4-naphthoquinone$j 
plnmbagin, ramentaceon and its 
glucoside rossoliside 


>0.85% total 1,4-naphthoquinones, 
plumbagin (—0.2%), 
hydroplumbagi n-4-0-p-glucoside 
(-0.6%), 3-chloro-plumbagin 
(-0.01%), droserone (-0.002%) 


11.5 Formulae 

o 



OH O 

Plumbagin R - H 
Droserone R = OH 


o 



OH O 


Juglone R = H 

Methyijugione R = CH 3 
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11.6 Chromatograms 
Droserae herba, Dionaeae herba 


Drug sample 


Reference 

compound 


Solvent system 


1 Droserae rotundifoliae herba (MeOH extract, 30 fil) 

2 Droserae rotundifoliae herba (distillate) 

3 Droserae ramentaceae herba (distillate) 

4 Dionaeae musciptilae herba (pressed juice, 20 pi) 

Tl plumbagin 
T2 juglone 

T3 rulin (R, — 0.35) ► chlorogenic acid (R f — 0.45) ► hyperoside (R, — 0.6) 

Fig. 1 A-D toluene-formic acid (99:1) -» system I 
Fig. 2 A + B toluene-formic acid (99:1) —> system l 

C ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 
--> system II 


Detection Fig. 1A-D 10% methanolic potassium hydroxide 
A,D —>vis B,C —»UV-365 am 
Fig. 2A,B 10% methanolic potassium hydroxide 
A —> vis B -»UV-365mn 
Fig. 2C Natural products-polyethylene glycol reagent 
(NP/PEG No. 28) -> UV-365 run 


Fig. I All three Drosera samples show the violet-brown (vis) and brown-yellow (UV-365 nm) 
A-D fluorescent plumbagin (Tl) as the main zone at R E - 0.45. 

Plumbagin is accompanied in sample 1 by 7-metbyljugione (the same R ( value as 
plumbagin) and juglone (R r ~ 0.4). Juglone is more highly concentrated in sample 3 (D. 
ramentacea). Droserone (R, — 0,35) can be detected in sample 1. 

Fig. 2 Dionaea muscipula (4) shows the prominent blue (vis/A) and red-brown (UV-365 nm/B) 

A,B zone of plumbagin (Tl) at R f - 0.5 in solvent system I. The hydroplunibagi.it-4-|VD~ 
glucoside remains at the start. 

c (NP/PEG reagent, UV-365 nm): 

In solvent system 11 hydroplumbagin glucoside migrates as a blue-green band into the R r 
range 0,85-0,9. Further blue to greenish-blue zones are found in low concentrations in 
the R f range of hyperoside (T3). 
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12 Drugs Containing Pigments 


Anthocyanins (Flavylium salts): Anthyocyanidins are responsible for the red, violet and 
blue colours of flowers and other plant parts. They are mostly present in plants as 
glycosides of hydroxylated 2-phenylbenzopyrylium salts. Cleavage by acid hydrolysis 
produces the corresponding free flavylium salts. 

Crocus: Croci stigma contains crocetin, a 8,8'-diapocarotenedioic acid. The bright 
yellow digentiobiosyl ester crocin is water soluble. 


12.1 Preparation of Extracts 

Cyani, Hibisci and Malvae flos> Myrtilli fructus. Powdered drug (lg) is extracted by 
shaking for 15 min with 6 ml of a mixture of nine parts methanol and one part 25% HCl; 
25 pi of the filtrate is used for TLC investigation. 

Four or five crushed stigma are moistened with one drop of water. After about 3 min, 
1 ml methanol is added and the extraction continued for about 20 min in the dark, with 
occasional shaking; 10 pi of the supernatant or filtrate is used for chromatography. 


12.2 Thin-Layer Chromatography 


Anthocyanins: 

Methylene blue: 
Naphthol yellow: 
Sudan red: 


1 mg standard compound dissolved in 1 ml methanol; 
TLC sample, 5 pi. 

5 mg dissolved in 10 ml methanol; TLC sample, 10 pi. 
5 mg dissolved in 5 ml methanol; TLC sample, 5 pL 
5 mg dissolved in 5 ml chloroform; TLC sample, 5 pi. 


Silica gel 60 F 2Sl| -precoated TLC plates (Merck, Germany). 

Cellulose-precoated TLC plates (Merck, Germany). 

Chromatography of flower pigments (anthocyanins) is performed on both silica gel and 
cellulose plates. Silica gel plates are used for TLC of Croci stigma extracts. 

Anthocyanins: Ethyl acetate-glacial acetic acid-formic acid water (100:11:11:26) 

n-Butanol-glacial acetic acid-water (40:10:20) or (40:10:50) 
upper layer 

Ethyl acetate-isopropanol-water (65:25:10) 


Anthocyanins 


Croci 

stigma 


Reference 

solutions 


Adsorbent 


Chromatography 

solvents 


Croci stigma: 
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123 Detection 


* Without; chemical treatment 

Anthocyanins show red to blue-violet, Croci stigma constituents yellow colour (vis). 

• Anisaldehyde-sulphuric acid reagent (AS No. 3) 

After spraying and heating (8 min/110°C) the picrocrocin appears red-violet, crocin 
blue-vioiet (vis). 


12.4 Drug List 


Drug/plant source 
Family/pharmacopoeia 

Main compounds 

Anthocyanins 

Hibisci flos 

Hibiscus dowers 

Hibiscus sabdarifFa L. 

Malvaceae 

DAB 10 

Delphinidin-3-gIucosyl-xyloside 
(hibiscin), deiphin.idin~3-gkicoside, 
cyanidin-3-glucosyl-xyloside, 
cyanidin-3-glucoside 

Cyani flos 

Cornflowers 

Centaurea cyanus L. 

Asteraceae 

Cyanidin-3,5-diglucoside (cyanin), 
pelargonidin-3,5-diglucoside 
(pelargonin), petargonin-3- 
caffeoylgIucoside-5-glucoside 

Malvae flos 

Common mallow flowers 

Malva sylvestris L. 

Mauretanian, dark-violet mallow 
Malva sylvestris L, ssp. mauritania 
(L.) ASCH. et GRAEBN. 

Malvaceae 

CAB 90, Helv. VII, MD 

6%~7% total anthocyanins 
Malvidin-3,5-diglucoside (malvin 50%) 
delphinidin glucosides; 
petunidm-3-, cyanidin-3- and 
malvidin-3-O-glucoside 

Malvae (arboreae) flos 

Hollyhock 

Althaea rosea (L) CAV. 
var. nigra HORT. 

Malvaceae 

Delphinidin-3-glucoside, 
malvidin-3-glucoside, “alfhaein*, 
the mixture of both glucosides; 

Myrtilli fructus 

Common blue berries 

Vacdnium myrtillus L. 

Ericaceae 

DAC 86, GAB 90, Helv. VII, MD 

0.5% total anthocyanins 
Delphinidin-3-glucoside (myrtillin A), 
-3-galactoside, malvidin-3-glucoside; 
glycosides of pelargonidin, cyanidin 
and petunidin 

Croci stigma 

Saffron (crocus) 

5% crocin (digentiobiosyl ester of 
crocetin) 
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Drug/plant source 
Family/pharmacopoeia 

Crocus sativus L 
[ridaceae 

DAC 86, Ph.Eur.IU, OAB 90, MD, 
Japan 


Main compounds 
Anthocyanins 

2.7%-12.9% picrocrocin 
((3-hydroxycyclecitral glucoside) 
p-hydroxycyclocitral and safranal 
(dehydro-p-cyclocitral) are formed 
from picrocrocin during storage or 
steam distillation; carotene glycosides 


12.5 Formulae 



R, R s 


Petargonidin 

H 

H 

Paeonidin 

H 

OCH 

Cyanidin 

H 

OH 

Malvidin 

OCH a 

OCH; 

Petunidin 

OH 

OCH; 

Delphinidin 

OH 

OH 


Cl e 



OH 



Hibiscin 



Crocetin R = H 

Crocin R * Gentiobiosyl 
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4-Hydroxycyciocitral R - H Safranal 

Picrocrocin R = Glucosyl 
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12.6 Chromatograms 
Hibisci flos 

Reference compounds 


Drug sample 

Reference 

compound 


Adsorbent 
Solvent system 


H Hibisci flos (methanolic extract, 25 pi) 


1 methylene blue 

2 delphini din-3, 5-diglucoside 

3 delphinidin-3-glucoside 

4 petunidin-3, 5-diglucoside 

5 petunidin-3-glucoside 

6 cyanidin-3, 5-diglucoside 


7 cyanidin-3-glucoside 

8 malvidin-3, 5-diglucoside 

9 malvidin-3-gluCOside 

10 paeonidin-3, 5-diglucoside 

11 paeon idin-3-glucoside 
(reference, 5 pi) 


Silicagel 60 F rH (Merck, Darmstadt) 

Fig, 1,2 A,B ethyl acetate-glacial acetic add-formic acid-water (100:11:11:26) —•> 
system 1 

C,D n-butanol-glacial acetic add-water (50:10:20) ► upper layer —> system 11 


Detection Without chemical treatment -» vis 


Fig. 1A The separation of Hibisci flos in solvent system 1 reveals three clearly defined blue 
to violet-blue pigment zones in the R ( range 0.15-0.25. The two major bands at R, 0,15™ 
0.2 are probably due to delphinidin-3-glucosyl-xyloside (hibtscin) and cyanidin- 
3-glucosyl-xyloside, reported as major pigments. The monoglucosides delphinidine-3- 
glucoside (3) and cyanidin-3-gluco side (7) are found in the R r range 0.2-0.35. 

Note: Diglucosides such as delphinidin-3,5-glucoside (3) are found in a lower R, range 
than 3-glucosyl-xylosides. 

B The 3,5-diglucosides reference compounds of delphinidin, petunidin, cyanidin, 
malvidin and paeonidin (2,4,6,8,10) migrate with low R r values, slightly increasing in the 
R j: range 0,05-0.1. The corresponding monoglucosides (3,5,7,9,11) are better separated 
and show higher R f values in the R t range 0.2-0.4. 

Fig. 2C,D Development in solvent system 2 shows the pigments of Hibisci flos as two major zones. 

A blue band at R,0.2, typical for the delphinidin, petunidin and cyanidin types (1-7), and 
a violet zone above (R f 0.35). The reference compounds of the malvidin and paeonidin 
types (8-11) show clearly defined zones and differences in the R f values of mono- and 
diglucosides. 

With the TLC technique only a fingerprint of an anthocyan in-containing drug extract 
can be obtained. Similar pigments often overlap and have to be identified by other 
techniques. 
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TLC Synopsis 


Drug sample 

Reference 
Adsorbent 
Solvent system 

Detection 


1 Cyani flos 3 Malvae arboreae flos 

2 Malvae silvestris flos (Extracts, 25 pi) 

Tl methylene blue 
A,B Silica gel 60 F 251 

A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) —> system A 
B n-butanol-glacial acetic acid-water (50:10:20) —»system B 

vis (without chemical treatment) 


Fig. 3 A In system A Cyani llos (1) and Malvae silvestris flos (2) show quite a similar TLC pattern 
with one prominent red zone at R f 0.05-0.1. Malvae arboreae flos (3) is characterized by 
five distinct blue to violet-blue pigment zones in the R } range 0.05-0.3. 

The main zones are due to 3,5-diglucosides, e.g. cyanin, pelargonin in Cyani flos (1) and 
malvin in Malvae silv. flos (2). Anthocyanins isolated from Malvae arboreae flos (3) are 
delphinidin-3-, malvidin-3-O-giucoside and althaein, a glycoside mixture. 

B In system B, the prominent pigment zones of Cyani flos (1) and Malvae flos (2) show 
different R, values (R, 0.3 and R f 0,4) and colouration. The pigments of Malvae arborea 
flos (3) are separated into two violet zones (R f 0.45/0.6, e.g, malvidin-3-glucoside), which 
migrate ahead of the broad blue pigment band (R, 0.1-0.4). 


Myrtilli fructus, Croci stigma 


Drug sample 

Reference 

compound 

Solvent system 

Detection 


4 Myrtilli fructus 

5 Croci stigma (methanolic extracts, 10 pi) 


T2 paeonidin-3-glucoside 
T3 malvidin-3-glucoside 
T4 cyanidin-3>5-diglucoside 


T5 delphinidin-3-glucoside 
T6 delphinidin-3,5“diglucoside 
T7 naphthol-yellow (Rj 0.2) ► Sudan red 


Fig, 4 ClTSi n-butanol-glacial acetic acid-water (50:10:20) (Cl Cellulose, Si Silica gel) 
C-E ethyl acetate-isopropanol-water (65:25:10) - Silica gel 60 F 3M (Merck) 

A,B vis C UV-254 nm D vis 

Cl+Si vis E Anisaldehyde H 2 S0 4 reagent (AS No. 3) —► vis 


Fig. 4 Myrtilli fructus (4). Separation over cellulose plates (Cl) yields four major dearly de- 

Cl/Si fined blue to violet zones in the R, range 0.2-0.5, whereas separation over silica gel (Si) 

shows cyanidin and delphinidin glycosides as a broad blue band between R r 0.05-0.45. 
Myrtylli fructus contains glucosides of the pelargonidin, cyanidin and petunidin types, 
delphinidin-3-gal a ctoside and -3-glucoside (myrtillin A) as well as malvidin-3-gluco- 
side. 

The identification of a specific pigment by TLC only is limited. The separation with two 
adsorbents or different solvent systems, however, can give a helpful TLC fingerprint. 

C,D,E Croci stigma (5) is characterized by yellow-coloured crocin and crocetin (R f 0.15-0.25) 
in vis. Both show fluorescence-quenching in UV-254 nm, as well as picrocrocine (R f - 
0.55), and become dark violet-blue with AS reagent (vis). Weak zones in the R f range of 
Sudan red (6), e.g, 4-hydroxy-cyclocitrai or safranal can be present, 
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13 Drugs with Pungent-Tasting Principles 


13*1 Pungent-Tasting Constituents 


These constituents belong mainly to one of the following types: 

* Amides: piperines (Piperis fructus) or capsaicin (Capsici fructus). 

* O-Methoxyphenois and propyl phenols: gingerols (Zingiberis and Galangae rhizoma), 
eugenol (Caryophylli flos and Myristicae semen 1 ), elemicin and asarone (Calami and 
Asad rhizoma 1 ). 

* Phenolic sesquiterpenes: xanthorrhizol in Curcumae rhizoma 1 . 


13.1.1 Preparation of Extracts 

Powdered drug (1 g) is extracted by heating under reflux for 10 min with 10 ml methanol. 
The flltrate is evaporated to 3 ml, and 10 pi is used for chromatography. 

Powdered drug (1 g) is extracted by heating under reflux for 10 min with 10 ml CHCi> or 
dichloromethane. The filtrate is evaporated to 3 ml, and 20 pi is used for TLC. 


13.1.2 Thin-Layer Chromatography 

i mg standard compound (capsaicin, piperine, vanillin) is dissolved in 1 ml MeOH; 10 pi 
is used for TLC. 


Silica gel 60 F 25 „-precoated TLC plates (Merck, Germany). 


toluene-ethyl acetate (70:30) 

toluene-diethyl ether-dioxane 
(62.5:21.5:16) 
diethyl ether (100) 
hexane-diethyl ether (40:60) 


—> Piperis and Capsici fructus, Galangae and 
Zingiberis rhizoma 
—> Piperis fructus 

-» Capsid fructus 

—> Galangae and Zingiberis rhizoma. 


1 Hot volatile compounds, TLC separation, description of the drugs and formulae see Chap. 6. 


Piperis 

fructus 

Capsici fructus, 
Galangae and 
Zingiberis rhiz. 


Reference 

solutions 

Adsorbent 

Chromatography 

solvents 
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13*1.3 Detection 

• UV-254nm Capsaicin shows fluorescence quenching only at high concen¬ 

trations. Piperine and gingeroles cause distinct fluorescence 
quenching. 

• UV 365 nm Piperine gives dark blue, piperyline light blue fluorescence. 

• sSpray reagents (see Appendix A) 

- Vanillin-sulphuric add reagent (VS No. 42) 

After spraying, the plate is heated for 10 min at 100°C, evaluation in vis.: 
piperine lemon yellow; gingeroles blue to violet, 

- Barton reagent (No, 5) 

After spraying and heating for 2-5 min at 100°C, evaluation in vis.: 
gingeroles, shogaoles, galangol bright blue (vis). 

- Dichloroquinone-chloroimide reagent (DCC No. 10) 

Immediately after spraying, spontaneous reaction as blue-violet (vis) zones, evalu¬ 
ation in vis.: capsaicin and capsa.icinoides, detection limit 0.1 pg. 


13*1.4 Drug List 


Drug/plant source 
Family/pharmacopoeia 

Fig. 1 Piperis fructus 
(Black) pepper 
Piper nigrum L. 
Piperaceae 
OAB 


Fig. 1,2 Capsici fructus 
Capsicums 

Capsicum annum L. var. 
longum SENDTN. 

OAB, MD, Japan 
Capsici acris fructus 
Cayenne pepper, Chillies 
Capsicum frutescens L. 
Solanaceae 

DAB 10, Helv VII, MD, 

DAC 86 (tincture) 

Fig. 3,4 Galangae rhizoma 

Chinese ginger 

Alpinia officinarum HANCE 

Zingiberaceae 

Helv VII 


Pungent principles 
lipophilic, non-volatile 

4%-10% amides 
2%-5% trans-piperine 
(pungency index 1:2 000 000) 

Piperettin, piperanin, piperaestin A, 
piperyline (about 5%) 

► Essential oil: l%-2.5% (black pepper), 
>98% terpene hydrocarbons 

0.1%-0.5% capsaicinoids (C. annum) 
0.6%-Q.9% (C. frutescens) 

>30% capsaicin (— vanillylamide of 
8-m ethyl-(trant)-non~6-enoic acid; 
pungency index 1:2 million) 

Homo-, dihydro-, homodihydro- 
and nor-dihydrocapsaicin (50%) 

► 0.1% essential oil 

► 0.8% carotinoids 

► Steroids 


Diarylheptanoids, gingerols 
Galangol (= complex mixture of 
diarylheptanoids), (8)-gingerol 
► 0.3%-1.5% essential oil with sesquiterpene 
hydrocarbons, 1,8 cineole, eugenol 
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Drug/plant source Pungent principles 

Family/pharmacopoeia lipophilic, non-volatile 


Zingiberis rhizonia/radix 

Ginger (root) 

Zingiber officinale ROSCOE 

Zingiberaceae 

CAB 90, Helv VII, BP, MD 

Japan, China 


l%-2.5% gingerols, shogaols: 
5-hydroxy-l-(4-hydroxy-3~methoxy- 
phenyl)-3-decanone and homologues 
(= gingerols); (6)-gingerol; the 
corresponding anhydro-compounds 
(— shogaols) and vanillyl-acetone 
(— zingerone) 

► I%-3% essential oil sesquiterpenes: (-) 
zingiberene (30%), P-bisabolene (>10%) 
sesquiphellandrene (15%-20%) citral, 
citronellyl acetate 


► Pungent principles present in the essential oil ► volatile (O-methoxyphenols or 
phenols); 

Calami rhizoma: 3%-5% essential oil with asarone (0%-95%) 

Caryophylli Bos: 14%~20% evssential oil with eugexiol (90%) 

Myristicae semen: 12%-16% essential oil with myristicin (6%) 

Curcumae xanth, rhizoma: 6%-ll% essential oil with xanthorrrhizol (5%) 

► For TLC separation, description, constituents, formulae see Chap, 6 


13.2 Drugs with Glucosinolates (Mustard Oils) 

Glucosinolates are p-S-glucosides of isothiocyanates (ITC). They are non-volatile, water- 
soluble compounds, cleaved by the enzyme myrosinase, a p-thioglucosidase, when plant 
tissues are damaged to form iso thiocyanates (mustard oils). 


13.2.1 Preparation of Extracts 

Ground seeds (lOg) are added to 50ml boiling methanol, boiled for 5 min and then 
allowed to stand for 1 h with occasional shaking. The filtrate is evaporated to 5 ml 
and then applied to a column (length, about 20 cm; diameter, about 1cm) containing 
5g cellulose powder (cellulose MN 100, Machery and Nagel, Diiren). The column is 
eluted with methanol and the first 20 ml eluate is discarded, The next 100 ml is collected 
and evaporated to about 1 ml at 20°-30°C under reduced pressure; 25 pi is used for 
chromatography. 


13.2.2 Thin-Layer Chromatography and Detection Methods 

Separation over silica gel 60 F 254 -precoated TLC plates (Merck, Darmstadt) in the solvent 
system n-butanol-n-propanol-glacial acetic acid-water (30:10:10:10). The developed 
TLC plate is dried and sprayed with 25% trichloracetic acid in chloroform. After heating 
for 10min at I40°C, the plate is sprayed with a 1:1 mixture of 1% aqueous potassium 


Fig. 3,4 


General method 
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hexacyanoferrate and 5% aqueous FeCl. (TPF No. 38). Sinigrin and sinalbin turn blue 
(vis). 


13,2.3 Drug List 



Drug/plant source 

Family 

Glucosinolates 

Mustard oils 

Sinapis nigrae semen 

Black mustard seeds 
Brassica nigra (L.) 

KOCH 

Brass icaceae 

DAC 86, OAB 90, Heiv. 

VII, MD 

l%-2% sinigrin 
(sinigroside/potassium 
myron ate/potassium 
allyl glucosinolate) 

► Sinapin (choline ester 
of 3,5-dimethoxy- 
4-hydroxycinnamic acid 

Ally! i$othiocyanate 

Sinapis albae semen 

(Erucae semen) 

White mustard seeds 
Sinapis alba L. 

Brassicaceae 

MD 

2.5% Sinalbin 

(p-hydroxybenzoyh 

glucosinolate) 

► Sinapin (1.2%) 

p-Hydroxy benzyliso- 
thiocyanate 


133 Drugs with Cysteine sulphoxides and Thiosulphinates 
Allium sativum U Allium ursinum L., Allium cepa L. - Alliaceae 

Allium sativum and Allium ursinum preparations show a very similar qualitative com¬ 
position of sulphur-containing compounds. Quantitative differences are known for 
alliin/allicin and other cysteine sulphoxides and thiosulphinates, respectively. 

Alliin, the major compound in Allium sativum and A. ursinum, is unstable in water 
extracts. The enzyme alkylsulphinate lyase (allinase = allinlyase) splits alliin to allicin, 
which itself generates further sulphur-containing degradation or transformation 
products (e.g. ajoenes). 

Allicin is absent in Allium cepa preparations. Onions contain cepaenes and different 
thiosulphinates in comparison to garlic and wild garlic. 


13.3,1 Preparation of Extracts for TIC 

1. Fresh plant bulbs are cut into small pieces. The fresh plant juke is obtained by 
pressing the pieces under pressure. The resulting juice is diluted with dichloro- 
methane (1:10) and 20-40 [d is used for TLC investigations. 

2. Freshly cut drug (5 g) is extracted with 20 ml distilled water by standing at room 
temperature for about 30 min; alternatively, one part of drug and 3.5 parts water can 
be homogenized for 5 min in a blender (e.g. Warring blender). 
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After 30 min, the extract is filtered and the dear solution extracted with 100 ml 
die hloro methane. The dichloromethane phase is separated, dried over Na^O,, and 
evaporated (<40°C) to dryness. The residue is dissolved in 2 ml methanol, and 
20-40 pi is used for TLC. 


13.3.2 Thin-Layer Chromatography and Detection 


Standard compound: allicin, diallylsulphide, dipropyl- and dimelhylsulphinate; 10 mg is Reference 
dissolved in 2 ml dlchloromethane; 15 pi is used for TLC. solutions 


Silica gel 60 F^-precoated TLC plates (Merck, Germany). 
* toluene-ethyl acetate (100:30) 


Adsorbent 

Chromatography 

solvent 


• UV-254 nm: thiosulphinates and diallylsulphide vshow quenching Detection 

• Spray reagent (see Appendix A) 

- Palladium41-chloride (PC No.32) —» evaluation in vis.: yellow-brown zones 

- Vanillin-glacial acid reagent (VGA No.39) evaluation in vis.: yellow, brown, blue 
and red zones 


13,4 Formulae of Pungent Principles 
Capsici fructus 


H,CO 



trans-Capsaicin 


Piperis fructus 



Ptperin 
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Diarylheptanoids 


Zingiberls rhizoma 





Gingerols Shogaols 


[6]-Gingerol n « 4 

[8]-Gingerol n = 6 

[10]-G»ngerol n = 8 


[6]-Shogaol n - 4 
[8J«$hogaol n - 6 
[10]~Shogaol n - 8 


Allium species 



Drallyldisulfid Ajoene 2-Vinyl-1,3-dithiin 







Drug sample 

Reference 

compound 

Solvent system 

Detection 
Fig. 1A 

B 

C 


Drug sample 

Reference 

compound 

Solvent system 
Defection 

Fig. 2A 

B 


13.5 Chromatograms 
Capsici and Piperis fructus 

1 Capsici acris fructus 

2 Piperis rrigri fructus 

3 Piperis albi fructus (extracts, 10—20 fU) 

T1 capsaicin 
T2 piperine 

T3 piperine-diperine mixture 

Fig. 1 A,B toluene-ethyl acetate (70:3) 

C toluene-diethyl ether-dioxane (62.5:21.5:16) 

A; C Vanillin sulphuric acid reagent (VS No. 42) ~~>vis. 


Capsici fructus (1) shows three weak blue-violet zones in the R, 0.01-0.2 with capsaicin 
at K ( - 0.2 (Tl), a violet-tailed band from R r ~ 0.25-0.5 (triglycerides?) and two weak 
blue-violet zones of capsacinoides at R r - 0.7-0.8 (see also Fig. 2A). 

Piperis nigri fructus (2) is characterized by the yellow piperine zone (T2) at R, ~ 0.25. 
The essential oil compounds are seen as blue zones at R, — 0.6 and at the solvent front. 

Piperis albi (2) and Piperis nigri fructus (3) both contain piperine at R, — 0.5 (Tl) and 
dipiperine at R r — 0.7. Piperis fructus mainly differs in the contribution of minor 
compounds, such as piperytine (R f ~ 0.15), piperettine, piperine isomers (R f — 0.55) and 
piperaesthin A at R, — 0,75. Different amounts of terpenes are detectable as violet-blue 
zones at the solvent front. 


Capsici fructus, Sinapis semen 

1 Capsici fructus (C. frutescens) 4 Sinapis albae semen 

la Capsici fructus (C. annum) 5 Sinapis nigri semen 

(extracts, 10-20 pi) 

Tl capsaicin T4 sinalbin (R, — 0.1) T5 sinigrin 
Fig. 2A diethyl ether (100) 

B n-butanol-n-propanol-glacial acetic acid-water (30:10:10:10) 

A dichloroquinone chloroimide (DCC No. 10) —> vis 
B trichloroacetic acid-hexacyanoferrate-FeCf, reagent (IFF No,35) —» vis 


Development of Capsicum extracts (1,1a) in diethyl ether and reaction with the very 
sensitive and specific DCC reagent reveals the characteristic blue-violet zone of capsaicin 
at R f - 0.35. 

Alter treatment with the TPF reagent, the Sinapis extracts show four blue zones (vis.) in 
the R f range 0.1-0.5 and one at the solvent front. 

Sinapis albae semen (4) is characterized by two main zones in the R, range 0.3-0.5 and 
sinalbin at R r ~ 0.1 (T4), while Sinapis nigri semen (5) shows its two major zones at R, 
— 0.1 and 0.3 and the additional zone of sinigrin at R ( — 0.4 (T5). 
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Drug sample 


Reference 

compound 


Galangae and Zingiberis rhizoma 

1 Galangae rhizoma (DCM extract) 

2 Zingiberis rhizoma (DCM extract) 
(extracts, 20 pi) 


Tl vanillin 
T2 capsaicin 


T3 borneol 
T4 cineol 


Solvent system Pig- 3 n-hexane-ether (40:60) 

Detection Fig. 3A UV-254 nm 

B Bartons reagent (BT No. 5) 

—> vis 

C Vanillin sulphuric acid 

reagent (VS No. 42) —> vis 


la Galangae aeth. (commercial oil) 
2a Zingiberis aeth. (commercial oil) 


Fig. 4 toluene-ethyl acetate (93:7) 

Fig. 4A UV-365 nm 

B Anisaldehyde-sulphuric acid reagent 

(AS No.2) —> vis 

C Vanillin-sulphuric acid reagent 

(VS No. 42) —> vis 


Fig. 3 A Galangae rhizoma (1) is characterized by strong quenching zones in the R r range 0,25- 
0.4. The vanillin test (Tl) serves as a guide compound for the major galangol. 
Zingiberis rhizoma (2) has weaker quenching zones at R r - 0.25 and 0.5. 

B With the Barton reagent Galangae rhizoma (1) shows two prominent dark-blue zones at 
R f — 0.15 and 0.45 as well as four to five weak blue zones in between. They represent the 
pungent principles such as galangols, a complex mixture of diarylheptanoids. 
Zingiberis rhizoma (2) develops its pungent principles as a prominent blue zone above 
the start (R f range of the capsaicin test, T2) and at R r - 0.2, due to the gingerols and/or 
shogaols, the corresponding anhydro compounds. 

C With VS reagent in addition to the pungent principles, terpenes are detectable mainly in 
the range 0.6 up to the solvent front. Both classes show blue to violet-blue colours. In 
1, further yellow zones in the lower R f range are found. 

Fig. 4A Galangae rhizoma (1,1a). In UV-365 nm, the DCM extract (1) and a commercially avail¬ 
able essential oil (la) show a similar sequence of blue fluorescent zones. 

B With AS reagent, the DCM-extract (1) and commercial oil (la) show a similar terpene 
pattern of brown and violet zones in the R f range 0.45 up to the solvent front: sesquiter¬ 
pene hydrocarbons (violet/front), ester zones (brown R f - 0.75), 1,8-cineole (red-violet/ 
T4). A different TLC pattern of 1 and la is found in the lower R f range due to pungent 
principles, present only in the DCM extract (1) and e.g. terpene alcohols (T3/borneol) 
in (la). 

C Zingiberis rhizoma (2a). The commercial oil is characterized by the high amount of the 
blue THC zone at the solvent front (zingiberene, p-bisabolen, sesquiphellandrene) and 
the blue zones at R f 0.45-0.5 (e.g, citral). Pungent principles are not detectable in the 
essential oil (compare with sample 2, Fig. 3C). 
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Allium species 


Drug sample 


Reference 

compound 

Solvent system 
Detection 


1 Allium sativum - garlic 

2 Allium ursinum - wild garlic 

3 Allium cepa -onion (dichtoromethane extract, see Sect. 13.2.1} 

T1 diallylsutphide T2 allicin 

T3 dipropylthiosulphinate T4 dimethylthiosulphinate 

Fig. 5,6 toluene-ethyl acetate (100:30) 

Fig. 5 palladium-Il-chl or ide reagent (PC No. 32) —» vis 
Fig. 6 vanillin-glacial acid reagent (VGA No. 42) —» vis 


Fig. 5 PGM extracts of fresh bulb samples of Allium sativum (1) and Allium ursinum (2) show 
a similar qualitative pattern of four yellow-brown tbiosulphmate (TS) zones in the R t 
range 0.2-0.45. The diallylthiosulphmate allicin (T2) at R f - 0.45 is the major compound 
in sample 1, while in sample 2 the zone of allicin and three yellow-brown zones at Rf 
0.3, 0.25 and 0.20 (T4) are present in almost equal concentration. 

Aiiylmethyl (AMTS), methylallyl (MATS) and diallylthio (DATS) sulphinates are re¬ 
ported as the main compounds in Allium ursinum (2). 

Additional zones at the solvent front are due to sulphides, such as diallysulphide; brown 
zones at R r — 0.05 are due to degradation products (see allicin test). 

Freshly prepared extracts of Allium cepa (3) show five to seven dark-brown zones in die 
R, range 0.2-0.65 with two prominent zones of thiosulphinates at R r - 0.3 and R r — 0.45. 
The dipropylthiosulphinate (T3) at R f - 0.45 is the characteristic compound of onion 
extracts. Allicin with almost the same R f value is absent. Other thiosulphinates such as 
dimethylthiosulphinate (T4) at R f ~ 0.2 are present, which in contrast to garlic 
thiosulphinates (TS) show brown to brown-red colours (vis.). This is partly due to higher 
TS concentrations and to compounds which overlap the TS, as shown in Fig. 6. 

Fig. 6 After treatment with the VG A reagent, the extract of Allium cepa (3) is distinguishable by 
the characteristic violet-brown major zones at R f — 0.3 and at R f ~ 0.45, with less 
concentrated zones at R t — 0.6-0.8, whereas extracts of Allium sativum (1) and Allium 
ursinum (2) mainly show grey, grey-violet or brown zones in the R, range 0.2-0.55. 
Allicin is seen as a grey-brown-coloured zone, the sulphides at the solvent front as blue 
to grey-blue zones. 

The TLC pattern of various drug samples can vary according to the extraction methods. 
Stored powdered drug samples of Allium species can contain more degradation or 
transformation products such as ajoens and cepaenes, shown as yellow-brown (Fig. 5) or 
grey-blue (Fig. 6) zones in the low R f range of the TLC 
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14 Saponin Drugs 


Most of the saponins of official saponin drugs are triterpene glycosides. Some drugs also 
or only contain steroid saponins. 

Sugar residues may be linked via the OH group at C-3-OH of the aglycone 
(monodesmosidic saponins) or more rarely via two OH groups or a single OH group and 
a carboxyl group of the aglycone moiety (bisdesmosidic saponins). 

Triterpene .saponins. These saponins possess the oleanane or, more rarely, the 
ursane or dammarane ring system. Many have acidic properties, due to the presence 
of one or two carboxyl groups in the aglycone and/or sugar moiety. Other oxygen- 
containing groups may also be present in the sapogenin, e.g. -OH, -CH^OH or 
-CHO. 

The carbohydrate moiety usually contains one to six monosaccharide units, the most 
common of these being glucose, galactose, rhamnose, arabinose, fucose, xylose, glucu¬ 
ronic and galacturonic acid. The horse chestnut saponins are partly esterified with 
aliphatic acids. 

Most triterpene saponins possess hemolytic activity, which varies from strong to weak, 
depending on the substitution pattern. 

Steroid saponins. The sapogenins of the steroid saponins are mostly spirostanols. 
Furostanol derivatives are usually converted into spirostanols during isolation proce¬ 
dures: these sapogenins do not carry carboxyl groups. Steroid saponins possess less 
sugar units than the triterpene saponins. In contrast to the monodesmosides, the 
bisdesmosidic furostanol glycosides exert no hemolytic activity. 


14,1 Preparation of Extracts 


Powdered drug (2g) is extracted by heating for 10mm under reflux with 10ml 70% 
ethanol. The filtrate is evaporated to about 5 ml, and 20-40 pi of this solution is used for 
TLC, 

A total of 3 ml of the ethanolic extract (see above) is shaken several times with 5 ml 
water-saturated n-butanol. The n-butanol phase is separated and concentrated to about 
1 ml; 20 pi is used for TLC. 

Ginseng radix is extracted under the same conditions (see above), but with 90% 
ethanol. 

Liquiritiae radix: an ethanolic extract (see above) is evaporated to dryness, and 
the residue is dissolved in 2.0 ml chloroform-methanol (1:1); 20pi is used for the detec¬ 
tion of glycyrrhizin. 


General method 


Enrichment 


Exceptions 
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Hydrolysis of 
giycyrrhizin 


Reference 

solutions 


Adsorbent 

Chromatography 

solvents 


Powdered drug (2 g) is heated under reflux for 1 h with 30 ml 0.5 M sulphuric acid. The 
filtrate is shaken twice with 20-ml quantities of chloroform. The combined chloroform 
extracts are dried over anhydrous sodium sulphate, filtered and evaporated to dryness. 
The residue is dissolved in 2.0 ml chloroform-methanol (1:1), and 10 pi of this solution 
is used for the detection of glycyrrhetic acid. 


14.2 Thin-Layer Chromatography 


The commercially available reference compounds such as aescin, primula acid, 
giycyrrhizin and standard saponin are each prepared as a 0.1% solution in methanol; 
10 }.d is used for TLC. 

Silica gel 60 F 2B4 -precoated TLC plates (Merck, Darmstadt), 

* Chloroform-glacial acetic acid-methanol-water (64:32:12:8) 

This system is suitable for separation of the saponin mixtures from the listed drugs. 

* Chloroform-methanol-water (70:30:4) ► ginseno sides (Ginseng radix) 

* Ethyl acetate-ethanol-water-ammonia (65:25:9:1) ►glycyrrhetic acid (Liquiritiae 
radix). 


14,3 Detection 


• Without chemical treatment 

With the exception of giycyrrhizin and glycyrrhetic acid (Liquiritiae radix), no 
saponins are detectable by exposure to UV-254 or UV-365nm. 

* Spray reagents (see Appendix A) 

- Blood reagent (BL No. 8) 

Hemolytically active saponins are detected as white zones on a reddish background. 
Hemolysis may occur immediately, after allowing the TLC plate to stand or after 
drying the plate in a warm airstream, 

- Vanillin-sulphuric acid reagent (VS No. 42) 

Evaluation in vis.: saponins form mainly blue, blue-violet and sometimes red or 
yellow-brown zones (vis). 

- Anisaldehyde-sulphuric acid reagent (AS No. 3) 

Evaluation in vis.: colours are similar to those with VS reagent; inspection under UV~ 
365 nm light results in blue, violet and green fluorescent zones. 

- Vanillin-phosphoric acid reagent (VPA No. 41) 

Ginsenosides give red-violet colours in vis. and reddish or blue fluorescence in UV- 
365 nm. 
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14.4 Drug List (in alphabetical order) 


With the exception of Avenae sativae herba, Rusci aculeati radix, Sarsaparillae radix 
(steroid saponins) most saponin drugs contain a complex mixture of monodesmosidic 
or bidesmosidic triterpene glycosides. 


Drug/plant source Main constituents 

Family/pharmacopoeia Hemolytic index (HI) 


Avenae sativae herba 
Avenae sativae fructus 
(excorticatus) 

Oat, Kernel 
A vena sativa L 
Poaceae 
MD, BMP 83 


Centellae herba 

Indian pennywort 

Centella asiatica (L.) URBAN 

(syn. Hydrocotyle asiatica) 

Apiaceae 

MD, BHP83 

Ginseng radix 

Ginseng root 
Panax ginseng MEY. 
and other Panax ssp. 
Araiiaceae 

DAB 10, OAR, Helv. VII, 

MD, Jap XI, Chin FIX 


Hederae folium 
Ivy leaves 
Hedera helix L. 
Araiiaceae 


Steroid saponins: avenacosides A and B with Fig. 9 

nuatigenin as aglycone and 

glucose and rhamnose as sugars 

Avenacoside A: 0.025% semen, 0.3% herba 

Avenacoside B: 0.015% semen, 1.3% herba 

Triterpene saponins: e.g, avenarin 

3 %_ 4 % free sugars: fructose, glucose 

Flavonoids: vitexin-2"-0-rhamnoside, 

isoorientin-2"-0-arabinoside 

Ester saponins (monodesmosidic acyl- Fig, a 

glycosides) derived from asiatic and 
6-hydroxy asiatic acid, betulinic and 
terminolic acid 

Asiaticoside A and B, “madecassoside” 

(-mixture of A and B) 

2%-3% tetracyclic triterpene glycosides Fig. 1,2 

ginsenosides Rx (x = a, b ]3 b„ c, d, e, f, g ]} h) 
derived from 20-S-proto-panaxadiol and 20- 
S-proto-pa naxatriol (dammarane ring 
system; neutral bisdesmosides) 

Ginsenoside R () : oleanolic acid as aglycone 
The glycosides contain glucose, arabinose, 
rhamnose and glucuronic acid 
HI (drug) < 1000 

4%-5% hederasaponins (A~J) oleanolic and Fig. 5,6 

28-hydroxy oleanolic acid glycosides 
1.7%-4.8% hederacoside C, 

0.1%'-0.2% hederacoside B as neutral 
bisdesmoside, 0.4%-0,8% hederasaponin D 
hederagenin-arabin osi de 
In dried material G.1%-0.3% a-hederin and 
p-hederin as acid monodesmosides 
HI (drug) 1000-1500, HI (fkhederin) 15000 

► Flavonoids: rutin, kaempferol-rhamno- 
glucosid 

► Chlorogenic and isochl otogenic acid 

► Coumarins: scopoletin-7-O-glucoside 
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Fig. 5,6 


Fig. 1,2,3 


Fig. 10 


Fig. 3 


Drug/plant source 
Family/pharmacopoeia 


Main constitutents 
Hemolytic index (HI) 


Hederae terrestris herba 

Glechomae hederaceae herba 
Ground ivy (Nepeta hederacea) 
Glechoma hederacea L. 
Lamiaceae 


0.5%-Q.7% triterpene glycosides 
a-, p-ursolic acids, oleanolic acid 

► caffeic acid derivatives, chlorogenic acid 

► Flavonoids: luteolin-7-O-gtucoside and 7-0- 
glucobioside, hyperoside, isoquercitrin 


Hippocastani semen 
Horse chestnut seeds 
Aesculus hippocastanum L. 
Hippocastanaceae 
DAB 10, MD 


3%-6% pentacyclic triterpene glycosides 
Aescins: a complex mixture of diesters of 
penta- and hexahydroxy-|$-amyrine, 
linked to glucuronic acid and glucose 
and esterified with angelica, tiglic, 
a-butyric or isobutyric acetic adds; (aglycone 
protoaescigenin and barringtogenol C) 
(<15%) P-aescin: C-21 and C-23 ester; 
kryptoaescin; C-21 and C-23 ester; 
a-aescin: mixture of p-aescin+kryptoaescin 
(4:6) 

Aescinols (e.g. aescinol-21, 22, 28-triol deri¬ 
vatives) are artefacts, due to hydrolysis of 
aescins 

HI (drug) < 6000; HI (aescin) 9500-12500 
► 0.3% Flavonoids (biosides and triosides of 
quercetin and kaempferol) 


Liquidtiae radix 

Licorice root 
(peeled/unpeeled) 

Glycyrrhiza glabra L. 

Fabaceae 

DAB 10, DAC 86, Ph.Eur. II, 

OAB 90, Helv. VTI, MD, USP XXI 
Jap XI, Chin PIX 


Saponins; 8%~12% glycyrrhizin 
calcium salt of glycyrrhizic acid 
no hemolytic activity; the aglycone 
glycyrrhetic acid is active. 

► Flavonoids: 1%-1.5% with liquiritin (4\ 7- 
dihydroxy-flavaiione-7-O-glucoside) as 
main compound, the corresponding 
chalcone; isoflavone (glabridin) 

HI(drug) 250-300 


Primulae radix 5%-lQ% Tetra- and pentacyclic triterpene 

Primrose root glycosides (monodesmosidle) 

Primula elatior (L.) HILL. Primula acids: I%-6.5% primula saponin 1 

Primula veris L. (—90% primula acid A, a protoprimulagenin- 

Primulaceae A-penta glycoside); 

DAB 10, tiAB 90, MD l,9%-4.5% primula saponin 2 (a 

protoprimula-genin-A-tetra glycoside); 
Glycosides derived from 
priverogenin A-16- and -B-22-acetate 
HI 2500-5000 

Phenol glycosides: primulaverin 0.2%-2.3%, 
primverine 0,4%-2.2%. 



Drug/plant source 
Family/pharmacopoeia 

Quillajae cortex 
Quiliaja bark 
Soap bark 

Quiliaja saponaria MOLINA 
Rosaceae 

DAG 86,0ml Helv, VII, MD 


Rusci aculeati rhizoma 
Butcher’s broom 
Ruscus aculeatus L. 
Asparagaceae 
MD 


Saponariae radix 

S. rubrae radix 
Red soapwood root 
Saponaria officinalis L. 
Caryophyllaceae 


Saponariae albae radix 
White soapwood root 
Gypsophila panicukta L., 
and other G. species 
Caiyophyllaceae 
MD 


Sarsaparillae radix 

Sarsaparilla, Sarsa 
Smilax regelii KILLIP 
et MORTON (Honduras 
drug) 

$. aristoloehufolk MILL, 
(veracruz drug) 
Liliaceae/Smilaceae 
MD 


Drug List (in alphabetical order) 3Q9 


Main constitutents 

Hemolytic index (HI) 

9%-10% “Quiliaja saponin”, a complex Fig. 4 

mixture derived from 16-a- 

hydroxygypsogenin (quillaic acid) with 

glucuronic or galacturonic acid as parts 

of the sugar moiety 

HI 3500-4500 


0.5%-L5% Steroid saponins Fig. 7,8 

Aglycone neoruscogenin and ruscogenin. 

Neoruscogenin glycosides: 
monodesmosidic spirostanol type: 
ruscin (trioside), desglucoruscin, 
desglucorhamnorusdn (=neo- 
ruscogenin-l-arabinoside); 
bisdesmosidic furostanol type: 
ruscoside (l-OH-trioside/-26-OH-glucoside), 
desglucoruscoside 

Ruscogenin glycosides (1-p-hydroxydiosgenin): 
present in low concentrations only 


3%-5% bisdesmosidic triterpene saponins Fig. 3 

Saponin mixture derived from gypsogenin 
with saponaside A and D (two branched 
sugar chains with five monoses) 

HI 1.200-2000 


15%-20% triterpene saponins 
G. panicukta: gypsoside A (with 
nine sugars) as a main compound 
HI 2600-3900 


L8%-3% steroid saponins 
(“smilax saponins”=bisdesmosidic 
furostanol saponins sarsaparilloside, 
easily cleaved (enzymes/H'Q into 
parillin, a monodesmosidic 
spirostanol saponin 

Aglycone: sarsapogenin (=parigenin) and 
its isomer, smilagenin 
HI 3500-4200 


Fig. 1 
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Drug/pknt source Main constituents 

Family/pharmacopoeia Hemolytic index (HI) 


Fig. l Senegae radix 
Polygalae radix 
Milkwort root 
Poly gala senega L, or 
Polygala senega var. 
latifolia TORR el GREY 
Polygala ceae 
DAB 9, OAR, RP 88; 
MD, Japan 


6%-10% triterpene ester saponins 
(“senegines”); presenegine as aglycone; 
senegine II as main saponin (bisdesmosidic) 
with glucose, galactose, rhamnose, xylose 
and fucose; the fucose is esterified with 
3,4-dimethoxy cinnamic acid; 
senegine IV: fucose is esterified with 4- 
methoxy-cinnamic acid and contains 
additional rhamnose units; 
senegine UI=desrhamnosyl senegine IV 
HI 2500-4500 


Note: 

Herniariae herba is characterized on the basis of saponins, llavonoids and coumarins; 
these chromatograms are shown in Chap, 5, 

Betulae folium and Verbasci fios, which contain saponins (betulin, verbascosaponin), 
with little or no hemolytic activity and Equiseti herba (“equisetonin”) are easily iden¬ 
tified on the basis of their flavonoid compounds; the relevant chromatograms are repro¬ 
duced in Chap. 7. 
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14.5 Formulae 
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Oil 
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Oleanolic. acid 

CH-, 
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Echinocystic acid 
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CHO 
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Primulae radix 


ot-L-Rha 

| 1 —** 2 

p-D>Gal 
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p-D-GlUC 




P-D-Gis 



Priverogenin B 


Primula acid 3 
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Ginseng radix 



A 

Ri 



r 2 


(20 S - Protopanaxadiol) H 
Ginsenoside Rb t P-D-Glu (1—>2) 

P-D-Glu 

P-D-Glu 

H 

(l->6) 

P-D-Glu 

Ginsenoside Rb 2 

p-D-Glu (1-42) 

P-D-Glu 

a-L-Arap 

(1-46) 

P-D-Glu 

Ginsenoside Rc 

P-D-Glu (1-42) 

P-D-Glu 

a-L-Ara f 

(1-46) 

P-D-Glu 

Ginsenoside Rd 

p-D-Glu (1-^2) 

P-D-Glu 

p-D-Glu 




B 

Ri 



(20 S-Protopanaxatriol) H 


H 

Ginsenoside Re 

a-L-Rha (l->2) 

p-D-Glu 

P-D-Glu 

Ginsenoside Rf 

P-D-Glu (1-42) 

p-D-Glu 

H 

Ginsenoside Rg, 

p-D-Glu 


P-D-Glu 

Ginsenoside Rg 2 

a-L-Rha (1-^2) 

P-D-Glu 

H 

Ginsenoside Rhj 

P-D-Glu 


H 
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Hederae fofium 



Hederacoside C 

R, 

= «—1) (3-D-Glu 

( 6 <- 

1) 

(3-D-GIu (4<- 1) 

Ra “ 

~ch 2 oh 

(Heder a saponin C) 


-a-L-Rha 





a-Hederin 

R, 

= — H 




r 2 “ 

-ch 2 oh 

Hederacoside B 

R, 

- <—1) p-D~GIu 

(6<- 

1) 

P-D-G.lu <4 < — 1) 

Rj - 

-CH, 

(Hederasaponin B) 


-cx-L-Rha 







Hippocastani semen 



"Escin" [Aescin] 


R t = OH Aglycone: Barringtogenol C 

Rj - H Aglycone: Protoaescigenin 

R 2 = TigloyK Angelicoyl-, 2-Methylbutyryl- or Isobutyryl- 
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Centellae herba 




R, 

R_1 


r 5 

Asiatic acid 

-II 

-H -CH, 

-ch 3 

-H 

Madecass(ic) acid 

-OH 

-H -CH, 

-CH, 

-H 

Asiaticoside 

-H 

^l)-| > )-Gluc-(6—>l)-p-D~Gluc- -CH, 
(4~>l)-a-L-Rha 

-CH, 

Hi 

Asiaticoside A 

-OH 

—>l)-P-Gluc-(6—>l)“p-D-Gluc- -CH, 
(4-Al)-a-L-Rha 

-CH, 

-H 

(Terminolic acid 

-OH 

-H -H 

-CH, 

-CH 3 ) 

(Asiaticoside B 

-OH 

—>1 )-p-Gluc-(6—>l)-p-D~Gluc- -H 
(4—H)-a~L-Rha 

-CH, 

-CH,) 



Glycyrrhizic acid, Glycyrrhizin 
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Saponariae radix 



|'VD-Gai] 1 •>4 ji-D-Gluc 1 1 


| ot-L-Ara | l ^ 




3(Gypsogfinm)28 1 | DRhajf 


Gypsoside A 


Senegae radix 



Presenegin 

| fj-D-Gluc 1 1—«- 3 [Presenogeninl 28-* —i |d-Fuc | 2-— 1 | L-Rha| 4^—1 D-Xyl| 3-^—1 [p.p.Gal | 


3,4-Dimethoxycinnamic add 


Senegin II 
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Rusci aculeati rhizoma 



Neoruscogenin R *= H 

Ruscogenin Ruscin R = OJ3-D Qluc-(1-*-3)-0-«-L-Rha- 


(1-^2)“0-a“L-Ara(1-^) 



H 

Ruscoside R = 0-p-D-Gluc-(1^3)-0-a-L-Rha-(1—2)-0-o-L-Ara(1-^) 
Furosta -5,25 (27)-dien-26-giucopyrano$yioxy-1 p,3j3 ( 22(x-triol R = H 


Sarsaparillae radix 



H 

Smilagenin (5p, 25a) Sarsapogenin (5(5, 25p) 
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Sarsaparillae radix 



Avenae sativae herba/fructus 



R: 

Avenacoside A -0-fJ-D-gluc-(4«-l) rham (2<—1) glue 
Avenacoside B -0-p-D-glue-(4<™l) rham (2<—1) gluc-(3<r~d)-gluc 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 1 

A 


B 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 2A,B 


14.6 Chromatograms 

TLC Synopsis of Saponin Drugs 

1 Senegae radix 3 Ginseng radix 

2 Sarsaparillae radix 4 Hippocastani semen (ethanolic extracts, 20 pi) 
T1 aescin 

Fig. 1 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

A Anisaldehyde-sulphuric acid reagent (AS No. 3) vis 

B Blood reagent (BL No.8) -* vis. 


this solvent system and the AS reagent are suitable for the separation and the detection 
of triterpene-saponins, e.g. senegins in Senegae radix: (I), as well as steroid (ester) 
saponins, e.g. Smilax saponins in Sarsaparillae radix (2). 

Senegae radix (I) is characterized by four to five red saponin zones (R t 0.2-0.4) with 
sertegin II as the major compound at R, ~ 0.2. 

Sarsaparillae radix (2) generates six yellow-brown saponin zones (R, 0.2-0.75) such as 
sarsaparilloside and parillin. 

Ginseng radix (3) shows eight grey-blue zones of ginseng saponins in the R, range 0.2- 
0.65 (->see also Fig, 2) 

Hippocastani semen (4) is characterized by the violet-black zones of aestins (T1) in the 
Ri range 0.4-0,5 (->see also Fig. 3). 

All saponins of the drug samples 1-4 show white hemolysis zones on a red-brown 
background with the blood reagent. 


Ginseng radix 

G = Ginseng radix (ethanolic extract, 20 pi) 

1 = Rc 3 = Rb, 5 = Re 7 = Rh, 

2 - Rb 2 4 - Rd 6 - Rg, 

Fig. 2 chloroform-methanol-water (70:30:4) 

Vanillin-phosphoric acid reagent (VPA No. 41A) 
A —> vis. b —» UV-365 mn 


Ginseng radix (G) is characterized by the ginsenosides Rb„ Rb,, Rc, Rd, Re, Rg'. With VS 
reagent they form red zones (vis./-*A) and prominent red fluorescent zones in UV- 
365 nm The ginsenosides Rb,, Rb 2 , Rc (1-3) with four to five sugar units appear in 
the lower R, range 0.05-0.15, the less polar Rd, Re (4,5) at R, ~ 0.25, Rg’ (6) with two 
sugars is found at R f 0.4 and Rh’ (7) with one sugar at R, 0.55. 
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1 2 3 G 4 5 6 7 G 4 6 


Fig. 2 











320 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 3 
A 

B 

A 

B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 4A, B 


Hippocastani semen, Primulae radix 

1 Hippocastani semen 

2 Primulae radix (P. elatxor) 

3 Primulae radix (P. veris) (ethanoiic extracts, 20 pi) 

Tl aescin 
T2 primula add 

Fig. 3 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

A Anisaldehyde-sulphuric acid reagent (AS No. 3) vis 

B Blood reagent (RL No. 8) —> vis (documentation from the back of the TLC plate) 


Hippocastani semen (1): The complex triterpene ester saponin mixture aescin (Tl) 
generates a main blue-violet zone at R f — 0.45, A prominent zone at R ( — 0.2 is due to 
glucose. 

Treatment with blood reagent reveals the white zones of aescin at R f — 0.45, The addi¬ 
tional two weak hemolytic zones in test Tl at R r — 0.6 are aescinoles (artefacts). 

The Primula species (2,3) show the saponin mixture primula acid (T2) as two to three 
red-violet zones in the R f range 0.25-0.35. 

Primula acid responds to blood reagent with hemolysis, seen as white zones (vis.). 


Quillajae cortex, Saponariae radix 

1 Quillajae cortex 

2 Saponariae radix (S. alba) 

3 Saponariae radix (S, rubra) (ethanoiic extracts, 30 pi) 

Tl standard saponin 
(Gypsophila saponin) 

Fig. 4 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

A Anisaldehyde-sulphuric add reagent (AS No, 3) —> vis 

B Blood reagent (BL No. 6) —» vis (documentation from the back of the TLC plate) 


The complex mixture of bisdesmosidic triterpene saponins, derived from gypsogenin 
(quillaic acid), of the extracts 1-3 reveals major dark-brown bands in the R f range 0.05- 
0.15 four to eight minor brown or violet zones are found in the R f range 0.2-0.75 (—>A), 
All zones are more easily characterized by their hemolytic reactions (^B), 

Quillajae cortex (1), The saponins (R t 0.05-0.45) react with AS reagent as brown or violet 
zones (—>A) and give strong hemolytic reactions (—>B). 

Saponariae albae radix (2). One broad, brownish-black band at R f 0.05-0.1 is accompa¬ 
nied by five to six weak violet zones between R f 0.15 and 0.4 (—:>A). All react with blood 
reagent to give white zones (~>B). 

Saponariae rubrae radix (3), Besides two main brownish-black zones at R, 0.05-0.1, 
some additional violet zones are seen in the R f range 0.75-0.8 (-^A). The characteristic 
hemolytic zones are found between R, 0,05 and 0.1, at R t — 0,4 and at R, — 0.7 (->B). 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Hg.5 


Mg. 6 


Hederae folium 

1 Hederae folium (H. helix) 

2 Hederae terrestris herba {trade sample) 

3 Hederae folium (trade sample) 

4 Hederae folium (commercial ethanolic extract, 15%) 

5 Hederae folium (commercial ethanolic extract, 50%) 

(ethanolic extracts, 30 pi) 

T1 p-hederin 
T2 chlorogenic acid 

Fig. 5 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

Fig. 6 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Fig. 5 V an ill in -phospo ric add reagent (VPA No. 41) -» vis. 

Fig. 6 Natural products-polyethylene glycol reagent (NP/PEG No.28) -> UV-365nm 


VPA reagent vis. —» Hederasaponins 

The bisdesmosidic triterpene glycosides of oleanolic and 28-hydroxy-oleano3ic adds, 
such as hederacoside B and C, are found as dark grey-blue zones in the lower R r range 
0.15-0,2, whereas the monodesmosides a-, p-hederin (Tl) migrate up to R f 0.7-0.8. The 
weak yellow-brown zone at R f 0.2 is due Lo quercetin-3-0-mtinoside rutin (™>see Fig. 6). 
Hedera helix (ivy) drug (1) sample represents a good-quality drug with hederacoside* B 
and C as the major compounds and smaller amounts of a-, p-hederin. 

Hederae terrestris herba (ground ivy) (2) shows different and less concentrated 
triterpenoid zones in the R f range 0,15-0,2 and two additional weak grey-blue zones in 
the range 0.25-0.35 (ursolic and oleanolic arid derivatives). 

The Hederae folium trade sample 3 and commercial extract 5 show low concentrations 
of saponin zones at R r 0.2-0,3 and p-hederin at R f — 0.75. The commercial extract 4 is 
prepared from Hederae terrestris herba, 

NP/PEG reagent, UV-365 nm —> Phenol carboxylic acids, coumarins, rutin 
The Hedera helix samples (1,3,5) are characterized by a series of prominent blue 
fluorescent zones of phenol carboxylic acids and coumarins in the R, range 0.45-0.95: 
e.g. chlorogenic acid (T2) and scopoletin-7-O-glucoside at R f 0.45-0.5, the 
isochlorogenic acids at R f - 0.75, scopoletin and caffeic acid near the solvent front and 
the yellow rutin zone at R r — 0.4. 

A prominent orange zone in the R f range of rutin found in Hederae terrestris herba (2) 
is probably due to luteolin-7-bioside, which is not extractable with 15% alcohol (see 
sample 4). Traces of yellow fluorescent hyperoside, isoquercetin and luteolin-7-O- 
glucoside are found in the R f range 0.6-0.7. The pattern of the blue fluorescent zones in 
the R, range 0.6 up to the solvent front differs from that of Hedera helix (1,3,5). 
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1 2 3 4 5 T2 


Fig. 6 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 


Fig. 7A 

B 

Fig. 8 A 

B 


Rusci rhizoma, Centellae herba 

] Rusci aculeati rhizoma 

2 Centellae herba (ethanolic extracts, 20j.il) 

T1 aescin (R f — 0.35)/aesdnol (R t 0.45-0.5) 

T2 asiaticoside 

T3 madecassoside (asiaticoside A,B) 

Fig. 7,8 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

Anisaldehyde-sulphuric acid reagent (AS No. 3) 

A —> vis 

B-> UV-365 nm 


Rusci aculeati rhizoma (1) shows six to eight yellow or green-brown saponin zones in the 
R f range 0.1-0.7 (—> AS reagent vis.). The two major green-brown (vis.) zones are found 
directly below and above the blue zone of the aescin test (Tl, R r — 0.35). The brown zones 
in the R f range 0.4-0.6 are in the R r range of aescinols (Tl, R r ~ 0.45-0.5). 

In UV-365 nm the main zones of (1) develop a brownish-black (R, 0.1-0.2) or violet-blue 
fluorescence (R f 03-0.7). In the Rf range 0.75-0.9, further zones of low concentration are 
detectable. 

According to the literature the bisdesmosidic, furostanol-type saponins such as rus- 
coside and desgiucoruscoside are found the R r range 0.1-0.3. The monodesmosidtc, 
spirostanol-type steroid saponins such as ruscin, desglucoruscin and desglucodes- 
rhamnoruscin migrate into the R f range 0.35-0.6, and the aglycones neoruscogenine and 
ruscogenine into the Rf range 0.8-0.9. 

Note: The zones in the R r range 0.05-0.75 show strong hemolytic activity with blood 
reagent. (BL No. 8) 

Centellae herba (2) is characterized by the ester saponins asiaticoside (T2) and “made¬ 
cassoside’', a mixture of asiaticoside A and B (T3) seen as brown-violet to violet zones 
in the R f range 0.2-035 and the blue aglycone zone at R, ~ 0.85. 

In UV-365 nm, the saponins appear with violet-blue (T1/T2) or red-violet (aglycone) 
fluorescence. 

Depending on the drug origin (e.g. India or Africa), asiaticoside and/or madecassoside 
(asiaticoside A and B) are present in various concentrations. 

Note: The ester saponins show only very weak hemolytic activity. 
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Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 9A 

B 


Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 10 A 

B 

C 

D 


Avenae sativae 

] Avenae sativae fructus 

2 Avenae sativae herba (n-BuOH enrichment, 30f.il) 

Tl avenacoside B 
T2 avenacoside A 
T3 vanillin glucoside 

Fig. 9 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

A Anisaldehyde-sulphuric acid reagent (AS No. 3) —» vis 
B UV-254nm (without chemical treatment) 


Avena saliva samples (1,2) reveal eight to ten grey-blue (vis.) zones in the R, range 0.15- 
0.9. Avenacoside A and B are found in the lower R r range (T1/T2). The characteristic 
saponin avenacoside B is more concentrated in the herba sample 2, which also contains 
flavon glycosides (e.g. isoorientin-2"-0-arabmoside, vitexin-2"-0-rhamnoside) seen as 
one yellow zone at R f 0.25. 

Vanillin glucoside (T3, grey zone at R ~ 0.5 —»A) reported in the literature as well as the 
flavonoids show a strong quenching in UV-254n:m. 


Liquiritiae radix 


1 Liquiritiae radix (ethanolic extract, 20pi) 

Tl glycyrrhizin T3 glycyrrhetic add 

T2 aescin T4 rutin (R r - 0.3) ► hyperoside (R f ~ 0.55) 

Fig. 10A chloroform-glacial acetic acid-methanol- 
water (60:32:12:8) 

B ethyl acetate-ethanol-water-aminonia (65:25:9:1) 

C T D ethyl acetate-glacial acetic acid-formic acid- 
water (100:11:11:26) 

A,B Anisaldehyde-sulphuric acid reagent (AS No. 3) 

C Natural products-polyethylene glycol reagent 
(NP/PEG No. 28) 

D 50% ethanolic H,S0 4 (No. 37) 


—»saponins 

—> glycyrrhetic add 
—> flavonoids 

—» vis. 

—fUV-365 nra. 

^vis. 


Liquiritiae radix (1) shows six to seven blue, violet and brown zones in the R r -range 0.1- 
0.65 in solvent system A. The main saponin glycyrrhizin is detected with AS reagent as 
a violet zone in the R f range 0.35-0,4 (Tl, Rj similar to aescin/T2), directly below a major 
brown zone (flavonoids and chalcones). 

The aglycone glycyrrhetic acid (T3), which migrates in solvent system A to the solvent 
front, is found in solvent B at R s Q,45, 

The flavanon glycosides and chalcones are separated in solvent C, They fluoresce with 
NP/PEG reagent yellow-white (R f 0,15-0.3) and dark green (R f — 0.4 and R, 0,75) in 
UV-365 nm. 

With sulphuric add the flavanon glycosides (e.g. liquiritin, liquiritoside) and the corre¬ 
sponding chalcones appear as characteristically orange-yellowish brown zones (vis). 

Note: For the detection of glycyrrhizin, see also Chap, 15. 
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T1 1 T2 T3 2 T4 1 1 


Fig. 10 








15 Drugs Containing Sweet-Tasting Terpene Glycosides 

(Steviae folium - Diterpene glycosides; Liquiritiae radix - Triterpene glycoside) 


15.1 Preparation of Extracts 


Powdered drug (lg) is extracted for 15 min with 15 ml methanol under reflux. The 
filtrate is evaporated to 3 ml and 30 pi is used for TLC. 

Powdered drug (lg) is extracted for 2h with 20ml water, with occasional shaking. For 
further enrichment of the diterpene glycosides, the extract is shaken with 20ml n- 
butanol and the n-butanol-phase separated. The filtrate is evaporated to 3 ml and 20 (d is 
used for TLC. 

Powered drug (1 g) is extracted with 10 ml methanol (50%) for 1 h under reflux; 20 pi of 
the filtrate is used for TLC. 


15.2 Thin-Layer Chromatography 

1 mg stevioside and rebaudioside A are dissolved in 1 ml methanol —> Steviae fob 

2 mg glycyrrhizin is dissolved in 1 ml methanol (50%) Liquiritiae radix 

Silica gel 60 -precoated plates {Merck, Germany) 

Chloroform-methanol-water (65; 25:4) —* Steviae fol. 
Chloroform-methanol-water (64:50:10) -> Liquiritiae rad. 


15.3 Detection 


* UV-254 mu -* glycyrrhizin shows quenching 

• Liebermann-Burchard reagent {LB No. 25) Steviae folium 

The plate is heated for 5-10 min at 110°C; evaluation in vis: grey to red-brown zones 


Steviae folium 

Enrichment 

Liquiritiae radix 


Reference 

solutions 

Adsorbent 

Chromatography 

solvents 
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15.4 Drug List 


Drug/plant source 
Family/pharmacopoeia 

Fig. 1 Liquiritiae radix 

Licorice root (peeled/unpeeled) 
Glycyrrhiza glabra l. 


var. typica 
var. glandulifera 
Fabaceae 
DAB 10, DAC 86, 

0AB> Helv. VII, MD 

Fig. 2 Steviae folium 

Yerba dulce, Azuca 
Stevia rebaudiana (BERT) 
HEMSL. 

Asteraceae 

Mi) 


Main constituents 
Sweetening agents 

6%-14% pentacyclic triterpene glycosides 
glycyrrhizinic add (diglucuronide of 18- 
fhglycyrrhetic acid), glycyrrhizin as 
Na ', K ; orCa 2i salt 
In addition, flavonoids (liquintigenine 
glycoside) 

Spanish licorice 
Russian licorice 
(see also Chap. 14, Fig. 10) 


5%-14% diterpene glycosides 
stevioside (steviosin, phyllodulcin 5%-10%), 
rebatidiosides A (2%-4%), B, C, D, E, 
dulcosides A (0.3%-0.7%) and B 
Aglycone steviol (13-hydroxy-kaur-16-en- 
18-oic acid) 
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15.5 Formulae 



—^2Gluc 


Stevioside 

Glue = glucose 

Glue 1 -4 2 Glue = sophorose 



Glycyrrhizinic acid, Glycyrrhizin 
Glr = galacturonic acid 
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Drug sample 

Reference 

compound 

Solvent system 

Detection 

Fig. 1A 

B 


Drug sample 

Reference 

compound 

Solvent system 
Detection 

Fig. 2A 

B 


15.6 Chromatograms 
Liquiritiae radix 

1 Liquiritiae radix (methanolic extract, 20 pi) 

T1 giycyrrhizin (I< + salt) 

Fig. 1 chloroform-methanol-water (64:50:10) 

A UV-254 nm 

B Anisaldehyde-sulphuric add reagent (AS No. 3) —> vis 


Liquiritiae radix (1) shows giycyrrhizin (Tl) as a quenching band, at R, 0.25-0.3, three 
quenching zones of flavonoid glycosides and chalcones in the R f range 0.65-0.75 and the 
aglycones at the solvent front. 

With AS reagent, giycyrrhizin (Tl) develops a pink-violet colour. Glucose , as a non¬ 
quenching compound (UV 254 nm), reacts as a prominent black-grey zone at R, — 0.25, 
partly overlapping the broad band of giycyrrhizin. The chalcones and flavanone glyco¬ 
sides, eg. liquiritin, are seen as prominent yellow bands in the R, range 0.6-0.8. 
Glycyrrhetic acid runs with the solvent front (—» identification, see Chap. 14, Fig. 10) 


Steviae folium 

1 Steviae folium (n-BuOII extract, 20 pi) 

2 Steviae folium (water extract, 30pi) 

3 Steviae folium (methanol extract, 20 pi) 

Tl stevioside 
T2 rebaudioside A 

Fig. 2 chloroform-methanol-water (65:25:4) 

A with chamber saturation B without chamber saturation 

Liebermann-Burchard reagent (LB No. 25) —» vis 
A 5 min/110°C B 8min/110°C 


In a Steviae folium BuOH extract (1) the sweet-tasting diterpene glycosides are found as 
four grey zones in the R, range 0.1-0.3 with rebaudioside A (T2) at R, - 0.2 and stevioside 
(Tl) at R f ~ 0.3. The three weak grey zones in the upper R f range 0.75 up to the solvent 
front are due to less polar diterpene glycosides and aglycones, 

Stevioside (Tl) and rebaudioside A (T2) are easily soluble and detectable in the water 
extract (2), 

The methanolic extract (3) also contains fiavonoids (yellow-brown zones at R,0.25-0.5), 
lipophilic compounds (R, 0.8-0.9) and chlorophyll at the solvent front. 









15 Drugs Containing Sweet-Tasting Terpenc Glycosides 333 



T1 1 T1 1 


Fig. 1 



Fig. 2 








16 Drugs Containing Triterpenes 


This drug group includes Cimicifugae rhizoma (Tetracyclic triterpene glycosides, 
actein, cimifugoside) and Ononidis radix (Triterpene a-onocerin = onocol). 


16.1 Preparation of Extracts 


Powdered drug (1 g) is extracted with 10 ml methanol for 15 min on a water bath; 30 pi of 
the filtrate is used for TLC. 

Powdered drug (1 g) is extracted with chloroform for 1 h under reflux; 20 pi of the filtrate 
is used for TLC ofterpenes. 

Powdered drug (l g) is extracted with 10 ml methanol for 15 min on a water bath; 20 pi is 
used for TLC of flavonoid glycosides and terpenes. 


16.2 Thin-Layer Chromatography 


Caffeic and fetulic acid; ononin, rutin, chlorogenic acid, hyperoside as a 0.1% solution in 
methanol; 10 pi is used for TLC. 


Silica gel 60 F 254 -precoated plates (Merck, Germany) 

Ethyl formiate-toluene-formic acid (50:50:15) 
Toluene-chloroform-ethanol (40:40:10) 

Ethyl acetate-glacial acetic acid-formic acid-water 
(100:11:11:26) 


Cimicifugae rhizoms 
-4 Ononidis radix 
-4 polar compounds 
—> ononin (isoflavone) 


16.3 Detection 


• UV-254 nm 

• UV -365 nm 

• Anisaldehyde-sulphuric 
acid reagent (AS No. 3) 
(see Appendix A) 


caffeic acid, its derivatives and isoflavones show 
quenching 

caffeic acid, its derivatives and isoflavones 
fluoresce blue 

The sprayed TLC is heated for 6 min at 100°C; 
evaluation in vis.: triterpenes blue-violet 
(Clmidfugae rhizoma) and red to red-violet 
(Ononidis radix) 


Cimicifugae 

rhizoma 

Ononidis 

radix 


Reference 

solutions 

Adsorbent 

Chromatography 

solvents 
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16.4 Drug List 


Drug/plant source : Main constituents 

Family/pharni acopeia 


Fig. I Cimicifugae rhizoma 

Cimicifuga, black cohosh 
Cimicifuga racemosa (L.) NUTT 
(syn. Actaea racemosa L.) 
Ranunculaceae 
MD, Japan* China (other 
Cimicifuga species) 

Fig. 2 Ononidb radix 
Restharrow root 
Ononis spinosa L. 

Fabaceae 
OAB, MD 


► Tetracyclic triterpene glycosides: 
actein (acetyl-acteol xyloside), 
cimicifugoside (cimicigenol xyloside) 

► Isoflavone: formononetin 

► Caffeic and isoferulic acid 

► 15%-2Q% resins (cimicifugin) 


► Triterpenes: a-onocerin (~ onocol) 

► Isotlavones: ononin (= formononetin- 
7-glucoside), formononetin-7-(6 W - 
0-maloyl)-gIucoside, biochanin A-7- 

gl uc o side 

► 0.02%~1% essential oil: anethole, carvon, 
menthol 


16.5 Formulae 



Cimifugoside R = Xylose 

Cimicigenol R = H 
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Actein R - Xylose 

Acetyl-acteof R = H 



ot-Onocerin (-Onocol) 


RO 



och 3 


Ononin R - Glucose 

Formononetin R = H 
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16.6 Chromatograms 
Cimicifugae rhizoma 


Drug sample 

Reference 

compound 

Solvent system 


1 Cimicifugae rhizoma (methanolic extract, 10 pi) 

Tl caffeic acid (+ methylester of caffeic acid) 

T2 formononetin 

Fig, 1 ethyl formiate-toluene-formic acid (50:50:15) 


Detection A UV-254nm 

B Natural product polyethylene reagent (NST/PEG No. 28) —> UV-365nm 
C Anisaldehyde-sulphuric add reagent (AS No. 3) —> vis. 


Fig. 1A In UV-254 mn Cimicifugae rhizoma (I) shows two prominent quenching zones at R, 
0.55-0.65 due to caffeic add (Tl) and the isoflavone formononetin (T2). The zones at 
R { 0.05-0.1 are phenol carboxylic acids. 

B After treatment with the NST/PEG reagent, the main zones develop a bright blue 
fluorescence in UV-365nm. 

C Treatment with AS reagent reveals the violet zones of the triterpene glycosides in the R, 
range 0.3-0.55. The prominent zones are due to actein and cimlfugoside. 


Ononidis radix 


Drug sample 1 Ononidis radix (methanolic extract, 20 pi) 


Refere nee T1 o no n i n 

compound T2 rutin (R f — 0.4) ► chlorogenic acid (R f — 0.5) ► hyperoside (R, ~ 0.6) 


Solvent system Fig. 2 A ethyl acetate-glacial acetic acid-formic 
add-water (100:11:11:26) 

B + C toluene-chloroform-ethanol (40:40:10) 


-4 system 1 
—» system 2 


Detection A UV-254 nm 
B UV-365 nm 

C A nisaldehyde-.sulphuric acid reagent (AS No, 3) vis 


Fig, 2A Ononidis radix (1}, The characteristic isoflavone formononetin-7-O-glucoside (ononin/ 
Tl) and its - 6"-m a] on ate are found as quenching zones in the R, range 0.65-0.75 in 
system i. The terpenes move with the solvent front. 

B In the lipophilic solvent system 2 the green-blue fluorescent ononin (Tl) remains close 
to the start; additional blue fluorescent zones are found in the R f range 0.2-0.45. The 
terpenes migrate to the lower R f range, detectable after treatment with the AS reagent. 

C Treatment with AS reagent reveals five violet-red zones (R f 0,05-0.55) with onocerin as 
the major terpene zone at R, — 0.4 (vis). 
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T1 1 T2 T1 1 12 1 Fig. 1 



T1 


T2 


T1 


1 


1 











18 Screening of Unknown Commercial Drugs 


With the following analytical procedure, a drug can be assigned to a group of plant 
constituents or identifi ed on the basis of its constituents. Analyses are performed for the 
following main active constituents: 


• alkaloids 

• anthraglycosides 

• arbutm 

• cardiac glycosides 

• bitter principles 


* flavonoids, phenolcarboxylic acids 

* saponins 

* essential oils 

* coumarins and phenol carboxylic acids 

* valepotriates 


18.1 Preparation of Drug Extracts for Analysis 


Powdered drug (1 g) is extracted by heating on a water bath for 10 min with 5 ml metha¬ 
nol; 20 pi of the filtrate is used for TLC investigation. 


Powdered drug (1 g) is mois tened with about 1 ml 10% ammonia solution; 5 ml methanol 
is added and the drug is then extracted for 10 min on a water bath; 20 fd and 100 pi of the 
filtrate are used for TLC analyses. 

A methanolic extract is prepared according to method described for anthraglyeosides. 
The extract is evaporated to about 1 ml, mixed with 0.5 ml water and then extracted with 
3 ml n-butanol (saturated with water); 20 pi and 100 pi of the butanol phase are used for 
TLC investigation. 

Powdered drug (1 g) is mixed with 5 ml 50% methanol and 10 ml. 10% lead (II) acetate 
solution and then heated for 10 min on the water bath. The filtrate is cooled to room 
temperature and then extracted twice with 10-ml quantities of dichloromethane. The 
combined DCM extracts are evaporated and the residue is dissolved in DCM-methanol 
(1:1); 100 fil of this solution is used for TLC investigation. 

• Dichloromethane extract (DCM extract) - for lipophilic compounds 

Powdered drug (1 g) is extracted by heating under reflux for 15 min with 10 ml DCM. 
The filtrate is evaporated to dryness, and the residue is dissolved in 0.5 ml toluene; 20- 
40 pi is used for TLC investigation. 

* Microdistillation of essential oils (LUCKNER or TAS method (see Chap. 6). 

Using the TAS method, all those compounds that are volatile at about 200°C can be 
obtained, such as terpenes or propyl phenols in essen tial oils, naphthoquinones and 
coumarins. 


An thragly cosides, 
bitter principles, 
fiavonoids and 
arbutm 

Alkaloids 


Saponins 


Cardiac 

glycosides 


Ter penes, 
coumarins, phenol 
carboxylic acids, 
valepotriates 

Essential oils 



350 


Absorbent 

Screening system 
System A 

System B 

Detection 

UV-254 nm 

UV-365 nm 

Spray reagents 

10% ethanolic 
KOH reagent 
(No.35) 


18.2 Thin-Layer Chromatography 


From each extract, prepared according to the methods described above, 20 pi and, if 
indicated, 100 ft] are applied to a TLC silica gel plate (60 F 254 , 10 cm X 10 cm). 

Ten such plates are prepared to cover each of the main classes of constituents. A different 
selection of standard substances belonging to the class of constituents to be analyzed is 
also applied to each plate (see separation scheme Sect. 18.4). 

Chromatography is performed in two solvent systems and both solvents are allowed to 
run for a distance of 8 cm. 

• Ethyl acetate-methanol-water (100:13.5:10) for the analysis of polar compounds 
(glycosides) 

► anthraglycosides, arbutin, alkaloids, cardiac glycosides, bitter principles, flavonoids, 
saponin s. 

* Toluene-ethyl acetate (93:7) for the analysis of lipophilic compounds (aglycones) 

► essential oils, terpenes, coumarins, naphthoquinons, valepotriates, liphophilic plant 
acids. 


18.3 Detection and Classification of Compounds 


The developed chromatograms are first inspected under UV-254 nm and UV-365 nm 
light. 

Quenching zones are detected 

► quenching is caused by all compounds with conjugated double bonds 

e.g. anthraglycosides, arbutin, coumarins, flavonoids, propylphenols in essential oils, 
some alkaloid types such as indole, isoquinoline and quinoline alkaloids 

Fluorescent zones are detected 

► all anthraglycosides, coumarins, flavonoids, phenolcarboxylic acids 

► some alkaloid types (e.g. China, Rauwolfia, Ipecacuanha alkaloids) 

No fluorescence is observed 

► cardiac glycosides, bitter principles, saponins, terpenoids in essential oils, 
valepotriates 

Alter preliminary inspection in UV-254 and UV-365 nm light, each chromatogram is 
analyzed for the presence of drug constituents by spraying with an appropriate group 
reagent (see separation scheme, section 18.4). The following reactions and spray re¬ 
agents (see Appendix A) can be used to determine the types of compounds present. 

“Borntrager reaction” 

► red zones (vis); red fluorescence (UV-365 nm) —» anthraquinones (e.g. frangulin A, 
B; glucofrangulin A, B; emodin, rhein) 
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► yellow zones (vis); yellow fluorescence (UV-365 nm) —> an thrones (e.g, aloin, 
eascarosides; sennosides do not react and need specific treatment) 

* For further identification, see Chap. 2, Figs. I-10. 

► bright-blue fluorescent zones in UV-365 nm coumarins (e.g. scopoietin, 
umbelliferone) 

► green-blue, yellow, yellow-brown in UV-365 nm furano- and pyranocoumarins 
Remark: In the polar screening system A, coumarins aglycones migrate unresolved with 
the solvent front; in the lipophilic screening system B they are separated in the lower and 
middle R f range. 

* For further identification, see Chap. 5, Figs. 1-16. 

► pink and blue-violet (vis) zones —> very specific for cardenolides 
Re mar km Bufadienolides do not react. 

Detection with antimony-(III)-chloride reagent (SbCl 3 , No. 4) -» blue (vis) zones (e.g. 
proscillaridin) 

Detection with anisaldehyde sulphuric acid reagent (AS No. 3) ~> blue (vis) zones (e.g. 
heJlebrin) 

* For further identification, see Chap. 4, Figs, 1-12. 

► red-brown (vis) zones; the colour may be unstable —» alkaloids. 

Remark Some of the strongly basic alkaloids do not migrate in the screening system A; 
if at the start-line of the chromatogram a positive DUG reaction is shown, a second 
chromatogram should be run in solvent system toluene-ethyl acetate-diethylamine 
(70:20:10) 

* For further identification, see Chap, 1> Figs, 1-32. 

► intense yellow, orange and green fluorescent zones in UV-365 nm —» flavonoids. 
Without chemical treatment, flavonoids show a distinct quenching of fluorescence in 
UV-254 nm, and yellow, green or weak blue fluorecence in UV-365 nm. 

The screening system A does not produce sharply separated zones of flavonoid 
glycosides. For positive identification, chromatography should be repeated in the spe¬ 
cific flavonoid solvent system ethyl acetate-formic acid-glacial acetic acid-water 
(100:11:11:26). 

Chlorogenic acid, which is frequently present in flavo no id-containing extracts, remains 
at the start in the screening system A and migrates at R f — 0.5 in the flavonoid separation 
system. 

* For further identification, see Chap. 7, Figs. 1-23. 

Most plant constituents react with VS and AS reagent with coloured zones in vis. Both 
reagents are sufficent to detect bitter principles, saponins and essential oil compounds. 


► Bitter principles 

If the extract tastes distinctly bitter and the screening system A shows red-brown, 
yellow-brown or dark green (vis.) zones in the R f range 0.3-0.6, the drug may be one of 
the known bitter principle drugs. 


10% ethanoHc 
KOH reagent 
(No.35) 


Kedde reagent 
(No. 23) 


Drag end orff 
reagent (DKG 
No. 13) 


Natural products- 
polyethylene 
glycol reagent 
(NP/PEG No.28) 


Vanillin-sulphuric 
acid (VS No.42) 
Anisaldehyde- 
sulphuric acid 
reagent (AS No,3) 
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Very lipophilic bitter principles, such as quassin, absinthin and cnicin migrate unre¬ 
solved up to the solvent front in screening system A; a lipophilic solvent system is 
appropriate, 

• For further identification, see Chap, 3, Figs. 1-14. 

Remarks: Extracts containing alkaloids or cardiac glycosides also taste bitter. 

► Saponins 

Saponins also form coloured (vis.) zones with VS or AS reagent. In the screening system, 
however, the known saponins (e.g. aescin, primulaic adds and the saponin test mixture) 
do not migrate and remain at the start. 

Fora precise differentiation, chromatography must be performed in the saponin solvent 
system chloroform-glacial acetic acid-methanol-water (64:32:12:8). 

• For further identification, see Chap. 14, Figs. 1-10. 

► Essential oils 

Blue, brown or red zones in vis. In the polar screening system A, essential oils migrate 
unresolved at the solvent front. 

Classification is possible after chromatography in the lipophilic solvent system toluene- 
ethyl acetate (93:7) 

• For further identification, see Chap. 6, Figs. 1-28. 

Specific Berlin blue reaction (No. 7) -4 arbutin, blue in vis.; (see Chap. 8, Figs. 1,2) Halazuchrom 
reactions reaction (HCl/AA No, 17) valepotriates, blue (in vis) (see Chap. 17, Figs. 1, 2). 


18.4 Scheme of Separation and Identification 


Ethyl acetate-methanol-water (100:13.5:10) TLC 1-TLC 7 


TJLC 1 


Anthraglycosides 
Extract 20 pi 
Tests 
alotn 5 pi 
frangulin 10 pi 
Detection 

KQH reagent No.35 


-> red (vis): 
anthraquinones 
yellow (vis): 
anthrones 


-> Identification: 
see 

Anthraquinone 
Drugs, Chap.2 


TLC 2 


Arbutin 
Extract 20 pi 
Tests 

arbutin 10 pi 
hydroquinone 10 pi 
Detection 
Berlin blue No.7 


blue (vis) 


—> Identification: 
see Arbutin 
Drugs, Chap. 8 
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TLC 3 


Cardiac glycosides 
Extract 20 pl/100 p] 
Tests 

lanatosidcs A-C 10 [4.1 
k-strophanthin 10 pi 
proscUlaridln 10 pi 
Detection 

Kedde reagent No.23 
(SbCl 3 reagent No.4) 


pink/violet (vis) 


-> blue (vis) 
SbCI 3 

reagent only 


TLC 4 


Bitter principles 
Extract 20 pl/100 pi 
Tests 

nar ingin 10 pi 
(rutin 10 pi) 
Detection 
VS reagent No.42 


-»red/yellow- 

brown/blae-green 


TLC 5 


Alkaloids 

Extract 20 pl/100 pi 
Tests 

atropine 10 pi 
reserplne 10 pi 
papaverine 10 pi 
Detection 
DragendortT 
reagent No.13 


orange-brown 

(vis) 


TLC 6 


Flavonoids 
Extract 20 pl/100 pi 
Tests 
rutin 10 pi 

chlorogenic acid 10 pi 
hyperoside 10 pi 
Detection 
NP/PEG reagent 
No.28 


-» yellow/green/ 
orange 
(UV-365 nm) 


—> Identification: 
see Cardiac 
Glycoside 
Drugs, Chap. 4 


Identification: 

see 

Bufadienolides, 
Chap. 4 


—> Identification: 
see Bitter 
Principle 
Drugs, Chap. 3 


Solvent system 
> toluene-ethyl 
acetate- 
diethylamine 
(70:20:10) 


Identification: 
see Alkaloid 
Drugs, Chap. 1 


Solvent system 
ethyl acetate- 
formic acid- 
glacial acetic 


acid-water 

(100:11:11:26) 


Identification: 
see Elavonoid 
Drugs, Chap. 7 
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TLC 7 


Saponin vS 

Extract 20 ply 100 pi 
Tests 

aescin 10 pi 
primula acid 10 pi 
Detection 
VS reagent 
No. 42 
AS reagent 
No. 3 


-»blue (vis) 


Solvent system 
-* chloroform- 
glacial acetic 
acid-methanol- 
water 

(64:32:12:8) 

\l 


Identification: 
see Saponin 
Drugs, Chap. 14 


Toluene-ethyl acetate, 93:7 TLC 8-TLC 10 


TLC 8 


Essential oils 
Extract 20 pl/100 pi 
Test 

linalool, thymol, 
linalyl acetate, 
anethole 5 pi each 
Detection 
VS reagent No, 42 


—> red/yellow/ 
blue/brown 
(vis) 


TLC 9 


Valepotriates 
Extract 20 pl/100 pi 
Test 

Vaitrate or standard 
pharmaceuticals 
Detection 
Hydrochloric acid- 
acetic add reagent 
No. 17 


—> blue/brown 
(vis) 


TLC 10 


Cou man n s 

Extract 20 pi 
Tests 

scopoletin 5 pi 
umbel lifer one 5 pi 
Detection 

UV-365nm without 
chemical treatment; 
ethanol 10% 

KOH 


light blu el 
brown 

(UV-365 nm) 


—> Identification: 
see Drugs witli 
essential Oils, 
Chap. 6 


—»Identification: 
see Valerianae 
radix, Chap. 17 


Solvent system 
-» diethyl ether- 
toluene (1:1; 
saturated with 
10% acetic 
acid) 

Identification: 
see Coumarin 
Drugs, Chap. 5 









19 Thin-Layer Chromatography Analysis 
of Herbal Drug Mixtures 


Many phytopreparations contain mixtures of drug extracts. Therefore, chromatograms 
display a large number of more or less overlapping zones (UV and vis.) making the 
identification or classification of the compounds present difficult or only partly success¬ 
ful In such cases it is necessary to submit the preparation to column chromatographic 
fractionation or other special procedures for the separation of individual classes of 
compounds. 

If the various drugs of the herbal formulation contain the same classes of compounds 
and active principles, identification of the characteristic components is usually possible. 
Salviathymol, a mixture of essential oil components (Fig. 1) and a laxative preparation 
containing various anthraglycosides (Fig. 2) are chosen as an example for the TLC of 
mixed herbal preparations. 

Salviathymol® 

1 g of the composition contains: 

2 mg Salviae aeth. (standardized at not less than 40% thujone); 2 mg Eucalypti aeth. (not 
less than 75% cineole); 23 mg Menthae pip. aeth. (not less than 50% menthol); 2 mg 
Cinnamomi aeth. (not less than 75% cinnamaldehyde); 5mg Caryophylli aeth. (not less 
than 80% eugenol); 10mg Foeniculi aeth. (not less than 60% anethole and 10% 
fenchone); 5 mg Anisi aeth. (not less than 90% anethole); 10 mg Myrrhae tincture (DAB 
10); 4mg Rathanhiae tincture (DAB 10); 20mg Alchemillae tincture (1:5); 20mg 
menthol; 1. mg thymol; 6 mg phenylsaiicylate; 0.4 mg guajazulene. 5 pi are applied for 
TLC investigation. 

Chromatography and detection 

Adsorbent Silica gel 60 F 25 „ precoated TLC plates (Merck, Germany) 

Solvent system toluene-ethyl acetate (93: 7) 

Detection Vanillin-sulphuric acid reagent (VS No.42) or 

phosphomolybdic acid reagent (PMA No.34) 

Commercial laxative phytopreparations 

Mixed herbal preparation with anthraglycosides as the main components 
Preparation of extracts 

Three finely powdered dragees are extracted by heating on the water bath for 5 min with 
6 ml methanol; 10 pi of the dear filtrate is used for chromatography. 

Chromatography and detection 

Adsorbent Silica gel 60 F 2M -precoated TLC plates (Merck, Germany) 

Solvent system Ethyl acetate-methanol-water (100:13.5:10) -4 10 cm 
Detection UV-365nm 
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Salviathymol® 

Interpretation of chromatograms 
Identifiable terpenoids 

~R, value 

VS (vis) 

PM A (vis) 

Azulene and terpene hydrocarbons 

0.98 

violet-blue 

blue 

Anethole (► T1) 

0.9 

violet-blue 

blue 

Thujone (after PM A) 

0.7 

- 

red-violet 

Thymol (► T2) 

0.5 

red-violet 

blue 

Cinnamaldehyde/eugenol 

0.45 

brown-orange 

bl ue 

cineole/piperitone 

0.4 

blue-orange 

blue 

Menthol (► T3) 

0.2 

blue 

blue 


Fig. 2 Laxans 

Nine commercial laxative formulations are used for TLC (samples 1-9). They all repre¬ 
sent mixtures of two to five an thr a glycoside-containing drug extracts. In some cases, 
extracts of other drugs are also present (e.g. Gentianae radix, Bryoniae radix or 
Curcumae rhizoma). 


The identifiable components are labelled I-VI 



I-VI 

—R f value 

Samples 

I 

Anthraquinone aglycones 

Solvent front 

1,2,3, 4,5, 6, 7, 8,9 

11 

A-mo noglycosides 
Frangulins A and B 

0.8-0.85 

2. 4. 5, 6, (7), 9 

III 

Deoxyaioin 

0.6 

1.2. (3), (4), (5), (6), (7), 8 

IV 

Aloin 1 

Rhein! 

0.5 

1, 2, 3, 4, 6, 7, 8, 9 

V 

Glucofrangulins j 

Aloinosides J 

0.35-0.4 

2, 3, 4, 5, 8 

VI 

Cascarosides A, B, C, D 
Sennosides 

0.05-0.2 

Start 

(UV-254 nm) 

(I), 2, 3,4, (5), (6), (7), 8 
3,4,8 


For further differentiation, the TLC plates are sprayed with the KOH reagent and NP/ 
PEG reagent (see Chap. 2). 

For analysis of sen nosides in Sennae folium or fructus, the solvent system and detection 
method descriped in Fig, 7, 8, chap, 2) should be used. 
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Fig. 2 












Appendix A: Spray Reagents 


Acetic anhydride reagent (AN) 

The TLC plate is sprayed with 10ml acetic anhydride, heated at 150°C for about 30 min 
and then inspected in UV-365 nm. 

► Detection of ginltgolides. 

Anisaldehyde-acetic acid reagent (AA) 

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid. 

The plate is sprayed with 5-10 ml and then heated at 120°C for 7-10 min. 

► Detection of petasin/isopetasin. 

Anisaldehyde-sulphuric acid reagent (AS) 

0.5 ml anisaldehyde is mixed with 10 ml glacial acetic acid, followed by 85 ml methanol 
and 5 ml concentrated sulphuric acid, in that order. 

The TLC plate is sprayed with about 10 ml, heated at 100°C for 5-10 min, then evaluated 
in vis. or UV-365 nm. 

The reagent has only limited stability and is no longer useable when the colour has 
turned to red-violet. 

► Detection of terpenoids, propyl pro pa no ids, pungent and bitter principles, saponin s, 
Antimony-III-chloride reagent (SbCl 3 ) 

20% solution of antimony-111-chloride in chloroform (or ethanol). 

The TLC plate must be sprayed with 15-20 ml of the reagent and then heated for 5-6 min 
at 110°C. Evaluation in vis. or UV-365 nm. 

► Detection of cardiac glycosides, saponins. 

Bartons reagent 

(a) 1 g potassium hexacyanoferrate (III) in 100 ml water. 

(b) 2 g iron-Ul-chloride in 100 ml water. 

The TLC plate is sprayed with a 1:1 mixture of (a) and (b). Evaluation in vis, 

► Detection of gingeroles (Zingiberis rhizoma). 

Benzidine reagent (BZ) 

0.5 g benzidine is dissolved in 10 ml glacial acetic acid and the volume adjusted to 100 ml 
with ethanol. Evaluation in vis. 

► Detection of aucubin (Plantaginis folium). 

Berlin blue reagent (BB) 

A freshly prepared solution of 10 g iron-III-chloride and 0.5 g potassium hexacyano- 
ferrate in 100 ml water. The plate is sprayed with 5-8 ml. Evaluation in vis. 

► Detection of arbutin. 


No. l 


No. 2 


No. 3 


No. 4 


No. 5 


No. 6 


No. 7 
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No, 8 Blood reagent (BL) 

10 ml of 3.6% sodium citrate solution is added to 90 ml fresh bovine blood; 2 ml blood is 
mixed with 30 ml phosphate buffer pH 7.4, The plate us sprayed in a horizontal position. 
Phosphate buffer pH 7.4: 20.00 ml potassium dihydrogen phosphate solution (27,281 g 
potassium dihydrogen phosphate dissolved in double-distilled, C0 2 -free water and vol¬ 
ume adjusted to 10.00ml) mixed with 39.34ml 0.1 M sodium hydroxide, and volume 
made up to 100 ml with CO^-free, double-distilled water, 

► Detection of saponins: white zones are formed against the reddish background of the 
plate. Hemolysis maybe immediate or may occur when the plate has been dried under 
slight warming. 

No. 9 Chloramine-trichloroacetic acid reagent (CTA) 

10 ml freshly prepared 3% aqueous chloramine T solution (syn. sodium sulph amide 
chloride or sodium tosylchloramide) is mixed with 40 ml 25% ethanolic trichloroacetic 
acid. 

The plate is sprayed with 10 ml, heated at 100°C for 5-10 min; evaluated in UV-365nm. 

► Detection of cardiac glycosides. 

No. 10 Dicliloroquinone chloroimide = Gibb’s reagent (DCC) 

0.5% methanolic solution of 2,6-dichloroquinone chloroimide. 

The plate is sprayed with 10 ml, then immediately exposed to ammonia vapour. 

► Detection of arbutin, capsaicin. 

No. 11 Dinitrophenyl hydrazine reagent (DNPH) 

0.1 g 2,4-dinitrophenylhydrazine is dissolved in 100 ml methanol, followed by the addi¬ 
tion of 1 ml of 36% hydrochloric add. 

After spraying with about 10 mi, the plate is evaluated immediately in vis. 

► Detection of ketones and aldehydes. 

No. 12 DNPH-acetic acid-hydro chloric add reagent 

0.2 g 2,4-dinitrophenylhydrazine in a solvent mixture consisting of 40 ml glacial acetic 
acid (98%), 40 ml hydrochloric acid (25%) and 20 ml methanol. 

The plate is sprayed with 10 ml and evaluated in vis. It is then heated at 100°C for 5™ 
10 min and evaluated again in vis. 

► Detection of valepotriates (Valeriana). Chromogenic dienes react without warming. 
Dienes can also be detected with HCl-AA reagent (No. 17). 

No. 13 Dragendorff reagent (DRG; MUNIER and MACHEBOEUF) 

Solution (a): Dissolve 0.85g basic bismuth nitrate in 1.0ml glacial acetic acid and 40ml 
water under heating. If necessary, filter. 

Solution (b): Dissolve 8g potassium iodide in 30 ml water. 

Stock solution: (a) + (b) are mixed 1:1. 

Spray reagent: 1 ml stock solution is mixed with 2 ml glacial acetic acid and 10ml water. 

► Detection of alkaloids, heterocyclic nitrogen compounds. 

Dragendorff reagent, followed by sodium nitrite or H 2 SO* 

After treatment with Dragendorff reagent, the plate may be additionally sprayed with 
10% aqueous sodium nitrite or with 10% ethanolic sulphuric acid, thereby intensifying 
the coloured zones NaN0 2 , dark brown; H 2 SO„, bright orange). 
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EP reagent (EP) 

0.25 g 4-dimethylamino benzaldehyde is dissolved in a mixture of 45 ml 98% acetic acid, 
5 ml 85% o-phosphoric add and 45 ml water, followed by 50 ml concentrated sulphuric 
add (under cooling with ice). 

The sprayed plate is evaluated in vis. 

► Detection of proazulene (Matricariae flos); After heating at 100°C for 5-10 min, 
proazulene gives a blue-green colour (vis,) The blue colour of azulene is intensified by EP 
reagent. 

Fast blue salt reagent (FBS) 

0,5 g fast blue salt B is dissolved in 100 ml water. (Fast blue B = 3,3 ^dimethoxybi phenyl- 
4,4'-bis(diazoniuin)-dichloride). 

The plate is sprayed with 6-8ml, dried and inspected in vis. Spraying maybe repeated, 
using 10% ethanolic NaOH, followed again by inspection in vis. 

► Detection of phenolic compounds. 

Fast red salt reagent (FRS) 

0.5% aqueous solution of fast red salt B (- diazotized 5-nitro-2-aminoanisole). 

The plate is spraed with 10ml, followed immediately by either 10% ethanolic NaOH or 
exposure to ammonia vapour. 

► Detection of amarogentin. 

Hydrochloric acid - glacial acetic acid reagent (HCl/AA) 

Eight parts of concentrated hydrochloric acid and two parts of glacial acetic acid are 
mixed. 

After spraying, the plate is heated at U0 Q C for 10min. Evaluation in vis. or in UV- 
365 mil. 

► Detection of valepotriates with diene structure (halazuchrome reaction). 

Iodine reagent 

About 10 g solid iodine are spread on the bottom of a chromatograph tank; the devel¬ 
oped TLC plate is placed into the tank and exposed to iodine vapour, 

►- all compounds containing conjugated double bonds give yellow-brown (vis.) zones. 

Iodine-chloroform reagent (I/CHCl 3 ) 

0,5% Iodine in chloroform. 

The sprayed plate is warmed at 60°C for about 5 min. The plate is evaluated after 20min 
at room temperature in vis or in UV-365 nm. 

► Detection of Ipecacuanha alkaloids. 

Iodine-hydrochloric acid reagent (I/HCl) 

(a) 1 g potassium iodide and Ig iodine are dissolved in 100 ml ethanol. 

(b) 25 ml 25% MCI are mixed with 25 ml 96% ethanol. 

The plate is first sprayed with 5 ml of (a) followed by 5 ml of (b). 

► Detection of the purine derivatives (caffeine, theophylline, theobromine) 

lodoplatinate reagent (IP) 

0.3 g hydrogen hexachloroplatinate (IV) hydrate is dissolved in 100 ml water and mixed 
with 100 ml 6% potassium iodide solution. 
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The plate is sprayed with 10 ml and evaluated in vis. 

► Detection of nitrogen-containing compounds, e.g. alkaloids (blue-violet). 

► Detection of Cinchona alkaloids: the plate is first sprayed with 10% ethanolic H 2 vSO„ 
and then with IP reagent. 

No. 22 iron-IIl-chloride reagent (PeCl 3 ) 

10% aqueous solution. 

The plate is sprayed with 5-10 ml and evaluated in vis. 

► Detection of oleuropeine and hop bitter principles. 

No. 23 Kedde reagent (Kedde) , e , „ ,, 

5 ml freshly prepared 3% ethanolic 3,5-dinitrobenzoic acid IS mixed with 5 ml 2 M 

NaOH. 

The plate is sprayed with 5-8 ml and evaluated in vis. 

► Detection of cardenolides. 


No. 24 


Komarowsky reagent (KOM) , , 

1 ml 50% ethanolic sulphuric acid and 10 ml 2% methanolk 4-hydroxybenzaldehyde are 
mixed shortly before use. 

The sprayed plate is heated at 100°C for 5-10 min. Evaluation in vis. 
p Detection of essential oils, pungent principles, bitter principles, saponins, etc. 


No. 25 


Uebermaim-Burchard reagent (LB) , 

5 ml acetic anhydride and 5 ml concentrated sulphuric acid are added carefully to 50 ml 
absolute ethanol, while cooling in ice. The reagent must be freshly prepared. 

The sprayed plate is warmed at 100°C for 5-10 min and them inspected in UV-365 nm. 
► Detection of triterpenes, steroids (saponins, bitter principles). 


No. 26 


3 ml formaldehyde is diluted to 100 ml with concentrated sulphuric acid, l he plate is 
evaluated in vis, immediately after spraying. 
p Detection of morphine, codeine, thebaine. 


No. 27 


Miltons reagent (ML) 

3 ml mercury is dissolved in 27 ml fuming nitric 
equal volume of water. 

► Detection of arbutin and phenolglycosides. 


acid and the solution diluted with an 


No. 28 Natural products-polyethylene glycol reagent (NP/PEG) (-NEU-reagent) 

The plate is sprayed with 1% methanolic diphenylboric acid-p-ethylamino ester (- 
diphenylboryloxyethylamine, NP), followed by 5% ethanolic polyethylene glycol-4000 
(PEG) (10m! and8ml, respectively). . 

► Detection of flavonoids, aloin. Intense fluorescence is produced in UV-365nm. PEG 
increases the sensitivity (from lOpg to 2.5 p.g). The fluorescence behaviour is structure 
dependent. 


No. 29 Ninhydrin reagent (NIH) . ,, 

30 mg ninhydrin is dissolved in 10 ml n-butanol, followed by 0.3 ml 98% acetic acid. Alter 
spraying (8-10 ml), the plate is heated for 5-10min under observation and evaluated in vis, 
► Detection of amino acids, biogenic amines, ephedrine. 
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Nitric acid (HNO, concentrate) 

The TLC plate is inspected immediately after spraying. 

► Detection of ajmaline and brucine, red in vis. 

► Detection of sennosides: after spraying with HNO., concentrated the plate is heated for 
15 min at I20°C; the plate then is sprayed with 10% ethanolic KOH reagent. 

Red-brown (vis) or yellow-brown fluorescent (UV-365nm) zones are formed. 

Nitrosodimethylaniiine reagent (NDA) 

10 mg nitrosodimethylaniiine is dissolved in 10 ml pyridine and used immediately to 
spray the TLC plate. 

► Detection of anthrone derivatives (grey“blue zones, vis). 

Palladium-Il-chloride reagent (PC) 

Solution of 0.5% palladinm-II-chloride in water, with 1 ml concentrated HCL 

► Detection of Allium species (yellow-brown zones in vis.). 

Phenylenediamine reagent (PD) 

0.5% ethanolic solution. 

Evaluation in vis. or in UV-365nm. 

► Detection of constituents of Lichen islandicus (e.g. fumarprotocetraric acid). 

Phosphomolybdic acid reagent (PMA) 

20% ethanolic solution of phosphomolybdic add. The plate is sprayed with 10 ml and 
then heated at 100"C for 5 min under observation. 

► Detection of constituents of essential oils. 

► Detection of rhaponticosides: 4g phosphomolybdic acid is dissolved in 40 ml hot 
water; 60 ml concentrated sulphuric acid is carefully added to the cooled solution. 
Rhaponticoside and deoxyrhaponticoside form strong, blue (vis.) zones. 

Potassium hydroxide reagent (KOH) 

5% or 10% ethanolic potassium hydroxide (Borntrager reaction). 

The plate is sprayed with 1,0 ml and evaluated in vis. or in UV-365 nm, with or without 
warming. 

► Detection of anthraquinones (red), anthrones (yellow, UV-365 nm); ► Detection of 
coumarins (blue, UV-365 nm). 

Potassium permanganate-sulphuric acid reagent (PPM) 

0,5 g potassium permanganate is dissolved carefully in 15 ml concentrated sulphuric 
acid, while cooling in ice (warning: explosive manganese heptoxide is formed), 

► Detection of fenchone; the plate is sprayed first with phosphomolybdic acid 
reagent (PMA No.34/10min/110 D C), followed by PPM reagent (5min/U0 o C; blue, 
vis.). 

Sulphuric acid (H 2 S0 4 ) 

(a) (5%) 10% ethanolic H 2 S0 4 

(b) 50% ethanolic H 2 S0 4 

(c) concentrated H 2 S0 4 

(a,b) The plate is heated at 100°C for 3-5 min, evaluation in vis. 

(c) coloured (vis.) zones appear immediately. 

► Detection of e.g. cardiac glycosides, lignans. 
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No. 38 Trichloroacetic acid-potassium hexacyanoferrate-iron-III-chloride reagent (TPF) 

(a) 25% trichloroacetic add in chloroform. 

(b) 1% aqueous potassium hexacy a noferrate mixed with an equal volume of 5% aqueous 
iron-IIT-chloride, 

The plate is sprayed with solution (a) and heated at 110°C for 10 min. It is then sprayed 
with solution (b) and evaluated in vis. 

► Detection of sinalbin and sinigrin. 

No. 39 Vanillin-glacial acetic acid reagent (VGA) 

0.8 g vanillin are dissolved in 40 ml glacial acetic acid, 2 ml concentrated H 2 S0 4 are 
added. 

The plate is sprayed with 10 ml solution and heated for 3-5 min (110°C)„ evaluation in 
vis. 

► Detection of salicin and derivatives. 

No. 40 Vanillin-hydrochloric acid reagent (VHC1) 

The plate is sprayed with 5 ml of 1% ethanolic vanillin solution, followed by 3 ml concen¬ 
trated HCl, then evaluated in vis. Colours are intensified by heating for 5 min at 100°C. 
►- Detection of myrrh constituents. 

No. 41 Vanillin-phosphoric acid reagent (VP) 

(a) Dissolve 1 g vanillin in 100ml of 50% phosphoric acid. 

(b) Two parts 24% phosphoric acid and eight parts 2% ethanolic vanillic acid. 

After spraying with either (a) or (b), the plate is heated for 10 min at 100°C> and evaluated 
in vis. or in UV-365nm. 

► Detection of e.g. terpenoids, lignanes and cucurbitacins. 

No. 42 Vanillin-sulphuric acid reagent (VS) 

1% ethanolic vanillin (solution I). 

10% ethanolic sulphuric acid (solution II). 

The plate is sprayed with 10 ml solution I, followed immediately by 10 ml solution II. 
After heating at 110°C for 5-10 min under observation, the plate is evaluated in vis. 

► Detection of e.g. components of essential oils (terpenoids, phenylpropanoids). 

No. 43 Van Urk reagent 

0.2 g of 4-dimethylaminobenzaldehyde is dissolved in 100 ml 25% HCl with the addition 
of one drop of 10% iron-II-chloride solution. 

► Detection of Secale alkaloids. 

No. 44 Zimniermaiin reagent (ZM) 

(a) lOg dinitro benzene t 90 ml of toluene, 

(b) 6 g NaOH + 25 ml water i 45 ml methanol. 

The TLC is first sprayed with (a), followed by (b), 

► Detection of sesquiterpenes (e.g. Arnica species). 
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TLC: thin layer chromatography 

Silica gel: specific surface area SOOcmVg; pore volume 0.75 cm'/g; pore diameter 60 A. 
The TLC is performed on siliacagel 60 P J5l1 glas-coated TLC-plates from Merck (Ger¬ 
many), a company with world wide representation. 

the use of silicagel-coated plates on aluminium or plastic or the use of material of other 
companies can give slight variations in the Revalues, or may alter the TLC-fingerprint of 
plant extracts. This is due to different binding agents, which can influence the phenolic 
compounds, for example. 

UV-254 nm: shorter wavelength ultraviolet light, used to detect substances that quench 
fluorescence. On TLC plates marked “60 F 73 /\ the compounds with C-C double-bonds 
in conjugation, appeaer as dark zones against a yellow-green fluorescent background. 
UV-365 nm; for the detection of substances that fluoresce in long wave ultraviolet light. 
UV-lamps; commercially available e.g. 8 W low pressure mercury vapour tubes with 
selected filters (e.g. SCHOTT) or 125 W high pressure mercury discharge lamp, 365 nm. 
vis.: visible light or daylight. 

General concepts without chamber saturation: the chromatography solvent is poured 
into the chromatography tank, and swirled around for a few seconds. The TLC plate is 
then placed in position, and chromatography allowed to proceed. 

With chamber saturation: the solvent is allowed to remain in the closed tank for 0.5-1 h 
before chromatography. The inside of the tank should be lined with filter paper. 
Volume of chromatography solvent: about 100 ml is normally used. Chormatocraphy 
tank dimensions: 20 X 9 X 20 cm. 

Extraction procedures 

Powdered drugs are used for extraction e.g, “medium-fine powder” corresponds to mesh 
size 300. Sample weights quoted for drug extraction refer to the dried drug. 

Sample volume 

The volumes quoted are recommended averages. Depending on the quality of the drug, 
larger and smaller volumes should also be used. Exact volumes can be applied with the 
aid of commercially available, standardized capillaries and application pipettes. If melt- 
ing point capillaries are used, it can be assumed that 1 cm is roughly equivalent to 4-5 p.l. 
As a rule, the sample should be applied to the start as a line about 0.5-J cm wide. Small 
sample volumes (l-3f.il), however, are applied as a spot. 
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Pharmacopoeias 


DAB 10 
DAC 86 

Ph.Eur.2 

BP 88 
BPC 

BMP 90 

OAB 90 

Ph.Helv.VII 

USPXX1I 

pcc m 

USSR X 

Japan 
Jap XI 
China 


Deutsches Arzneibuch, 10. Ausgabe 1991. ISBN 3-7692-1461-7. Deutscher 
Apotheker Verlag, Stuttgart, or Govi-Verlag GmbH, Frankfurt 
Deulscher Arzneimittelcodex, 1986 mit bis zu 3 Erganzungen 1991. Issued by the 
Bundesvereinigung Deutscher Apothekerverbande. Deulscher Apotheker Verlag, 
Stuttgart, or Govi-Verlag GmbH, Frankfurt 

European Pharmacopoeia, 2nd edn. Part 1, 1980; Part II, 1st fascicle (1980) to 
15th fascicle (1991). Published by Maisonneuve SA, 57160 Saint-Ruffine, France. 
Available in the UK from The Pharmaceutical Press, London 
British Pharmacopoeia 1988, with subsequent addenda up to 1992. Her Majesty’s 
Stationery Office, London 

British Pharmaceutical Codex. The Pharmaceutical Press, London. Prepared by 
the Pharmaceutical Society of Great Britain. Publication has ceased; 29th edn, 
1989 

British Herbal Pharmacopoeia, vol 1 (1990) of the revised edition. ISBN 0- 
903032-08-2. Published by the British Herbal Medicine Association. Obtainable 
by mail order from: BH MA Publications, P.O. Box 304, Bournemouth, Dorset 
BH7 6JZ 

Osterreichisches Arzneibuch (1990) und 1. Nachtrag, Verlag der 
Osterreichischen Staatsdrackerei, Wien (or earlier edition GAB 81 (1981)) 
Pharmacopoea Helvetica, Editio Septima, 1987 with later supplements. 
Distributed by Office Central Federal des Imp rimes et du Materiel, 3000 Bern 
The United States Pharmacopeia - The National Formulary (USP XXU-NF 
XVTT). US Pharmacopeia! Convention Inc, 1990 (or earlier editions when cited) 
Food Chemicals Codex, 3rd edn. National Academy Press, Washington, DC, 198! 
State Pharmacopoeia of the (former) Union of Soviet Socialist Republics, 10th 
edn (English version). Ministry of Health of the USSR, Moscow (ca. 1973) 

The Pharmacopoeia of Japan, 11th edn, 1986 (English version), The Society of 
Japanese Pharmacopoeia 

Arzneibuch der chinesischen Medizin Monographien des Arzneibuchs der 
Volksrepublik China 1985 und nachfolgender Ausgaben 2. iiberarbeitete AufS. 
1991. Deutscher Apotheker Verlag, Stuttgart (3 Erganzungslieferung 1994) 
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Coltsfoot 198 
Colubrine 7, 28 
Columbamme 10* 42 
Commiphora molmol 160 
Common 
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- blue berries 282 

- osier 250 
Condtirangines 78, 84 
Condurango cortex 78, 84 
Condurango bark 78 
coneilower root 242 
conifer yl 

- benzoate 161, 190 

- cinnamate 161, 190 
Contain 152 
Convallaria majalis 103 
Convallariae herba 103, .108, 118 
Convallatoxin 103, 118 
Coptisin 10,40 

Coriander 156 
Coriandri 

- fructus 156, 176 

- semen 176 

Coriandrum sativum 156 
Cornflowers 282 
Corn mint oil 156 
Cortex 

- Berberidis 10, 42 

- Cascarae 56, 64 

- Chinae 9, 32 

- Cinchonae 9, 32 

- Cinnamomi 153, 170 

- Condurango 78, 84 

- Prang'd ae 56, 64 

- Fraxini 127, 136 

- Mahoniae 11,42 

- Mezerei 127, 136 

- Oreoherzogiae 57, 64 

- Quebracho 7, 24 

• Quillajae 309, 320 

- Rhamni catharaclici 56, 64 

- Rhamni fallaci 57, 64 

- Saiicis 249, 254 

- Viburni 204, 234, 248 

- Yohimbe 7, 24 
Corydalidis rhizoma 9, 36 
Corydalin 9, 36 
Corydaiis cava 9 
Corytuberine 9,11,36 
Coumarin 

- drugs 125, 132 

- reference compounds 134 
Coumaroyi benzoate 161, 190 
Cowberry leaves 248 
Cowslip 199 

Grataegi 

- flos ' 198, 224 

- folium 198,201,224 

- fructus 198, 224 
Crataegus species 198 
Croci stigma 281, 282, 288 


Croctn 283, 288 
Crocus sativus 281, 283 
Cubeb 265 

Cubebae fructus 265, 272 
Cubebin 266, 272 
Cucurbitacins 77, 94 
Curacao aloes 56, 62 
Curcuma species 159 
Curcumae rhizoma 159, 188, 293 
Curcumins 159, 165, 188 
Curzerenone 190 
Cutting almond 243 
Cyani lies 282, 288 
Cyanidin glycosides 282, 286, 288 
Cyani n 288 
Cyrnarin 103, 107, 116 
Cymbopogon species 157 
Cynara scolymus 77 
Cynarae herba 77, 96 
Cynarin 77, 96, 208, 242, 244 
Cynaropicrin 77, 96 
Cystein sulphoxides 294 
Cytisi herba 9, 38 
Cytisine 10, 38 

Dalmatian sage 158 
Daphne mezereum 127 
Daphnetin 127, 136 
Daphnoretin 134 
Datura stramonium 12 
Dehydrodianthmnes 58, 70 
Delphinidin glycosides 282, 286 
Demethoxy cur cumin 159, 188 
Deoxyaconitine 46 
Deoxyaloin 56, 64 
Deoxyrhaponticoside 57, 66 
Desert tea 11 
Desglucoruscin 309, 324, 

Diallyl thiosulphinates 302 
Dianthrones 57 
Diaryl heptane ids 292, 300 
Dicaffeoyl quinic acids 208 
Didrovaltrate 342, 343, 346 
Digitalis 

- folium 102, 112 

- glycosides 102 

- IX lanata 102, 112 

- D. purpurea 102, 112 
Digi toxin 102, 105, 112 
Digoxin 102, 105, 1.12 
Dihydrohelenaline 197, 214 
Dihydro cucurbitacins 77, 94 
Dihydroinethyslicin 259, 260 
Dionaea muscipula 276 
Dionaeae herba 276, 278 
Dipiperine 298 
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Dipterix odorata 127 
Drimia 

- maritima 104 

- indica 104 
Drosera species 276 
Droserae herba 276, 278 
Droserone 276, 278 
Dukoside A 330 
Dyers’s weed 10 

Eeballii fructus 78, 94 
Ecballium elaterium 78 
Ecdysone 120 
Echinacea 

- angustifolia 242, 244 

- pallida 242, 244 

- purpurea 242, 244 
Echinaceae 

- herba 242 

- flics 242 

- radix 242, 244 
Echinacoside 209, 242, 244 
Echinadiol-dnrtamate 243, 244 
Elder flowers 199 

Elemicin 174 

Elettaria cardamomum 156 
Eleutherococci radix 263, 264, 268 
Eleuthero cocc us senticosus 264 
Eleutheroside B,E 264, 266, 268 
Emetine 8, 32 

Eiwn-dicycloelher 159, 164, 186 
Ephedra species 1 i 
Ephedrae herba 11,46 
Ephedrine 11, 46 

Epoxi-echinadio 1 -cinnamate 243, 244 
Equiseti herba 202, 226, 310 
Equiselonin 310 
Equisetum 

- species 202, 226 

- flavonoid pattern 202, 226 
Ergocristine 8, 26 

Ergo me trine 8, 26 
Ergot 8 

Ergotamine 8, 26 
Erioeitrin 78, 84, 203, 232 
Eriodictyol 204, 232 
Eriodiciyon californicum 204 
Eriodictyonis herba 204, 232 
Erucae semen 294 
Erysimi herba 103,116 
Erysimoside 103, 116 
Erysimum species 103 
Escin 313 
Essential oil 

- see Aetheroleum 

- reference compounds 166 


Ester saponins 307, 320 
Eucalypti folium 158, 184 
Eucalyptol 158, 184 
Eucalyptus 
-species 158 

- leaves 158 

Eugenol 154, 166, 170, 174, 293 
Eupatorin 204, 206, 232 
Euphrasia species 75 
Euphrasiae herba 75, 88 
Euphrasy herb 75 

Fabiana imbricata 127 
Pagarine 129, 144 
Farfarae 

- folium 198, 220 

- flos 198, 220 
Penchone 153, 163, 168 
Fennel 153 

Figwort 76 

Filipendula uimaria 199 

Flavanolignans 204 

Flavanone(ol) 206, 210 

Flavone(ol) 204, 205, 210 

Flavon-C-glycosides 202, 205, 230 

Flavonoid drugs 195, 212 

Flos 

- Acaciae germanicae 199 

- Acaciae 197, 21.8 

-- Anthemidis 159, 186, 198, 212 

- Arnicae 197, 212, 214 

- Aurantii 157, 182 
-Cacti 198,212,216 

- Calendulas 198, 212, 216 

- Caryophylli 154,170, 293 

- Chamomillae 159, 186, 198, 212 

- Cinae 159, 186 

- Crataegi 198, 224 

- Cyan! 282, 288 

- Echinaceae 242 

- Farfarae 198, 220 

- Helichrysi 200 

- Heterothecae 197, 214 

- Hibisci 282, 286 

- Lavandulae 157, 180 

- Malvae 282, 288 

- Matricariae 159,186 

- Primulae 199, 212 

- Pruni spinosae 199, 218 

- Robiniae 197, 218 
-Sambuci 199,212,218 

- Spartii 10, 38 

- Spiraeae 199, 218 

- Stoechados 200, 212 

- Tiliae 200, 212, 218 

- Verbasci 76, 88, 200, 212, 310 
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Foeniculi fructus 153, 168 
Foeniculum vuigare 153 
Folia 

- Adhatodae 8, 30 

- Bell ado rmae 12, 48 

- Bergeniae 248 

- Betulae 200, 222, 310 

- Bo Ido 11,44 

- Castaneae 201* 222 

- Crataegi 198, 224 

- Digitalis 102, 112 

- Eucalypti 158, 184 

- Parfarae 198, 220 

- Ginkgo 236, 240 

- Hederae 307, 308, 322 
■“ Hyoscyami 12, 48 

- Juglandis 201 > 222 

- Justiciae 8, 30 

- Mate 13, 50 

- Melissae 157, 178, 179 
-Menthae 155,156,178 

- Menyanthidis 75, 84, 86 

- Myrtilli 248, 252 

- Nerii qleandri 114 

- Nicotianae 11,44 
Oleae 76, 92 

- Oleandri 102, 1.14 

- Orthosiphonis 204, 232 

- Petasitidis 201, 220 

- Plantaginis 76, 88 

- Pyri 248 

- Ribts nigri 201, 222 

- Rosmarini 156, 178 

- Rubi idaei 201, 222 

- Rubi fruticosi 20.1, 222 

- Salviae 158, 184 

- Sennae 57, 68, 70 

- Steviae 329, 332 

- Stramonii 1.2, 48 

- T'heae 13,50 

- Uvae ursi 248, 252 

- Vitis idaeae 248, 252 
Foliamenthin 75, 84, 86 
For mo nonet in 336, 338 
Foxglove leaves 102 
Frangula-emodin 56, 64 
Frangulae 

- fructus 57, 64 

- cortex 56, 64 
Frangulin A, B 56, 64 
Fraxidin 127, 136 
Fraxin 127, 136 
Fraxini cortex 127, 136 
Fraxinol 127, 130, 136 
Fraxinus excelsior 127 
Fructus 


- Ajowani 155, 176 

- Amineos 128, 138 

- Ammi 128, 138 

- Anisi 153, 168 

- Anisi stellati 152, 168 

- Avenae 307, 326 

- Capsid 292, 298 

- Cardamomi 156, 176 

- Cardui mariae 204, 234 

- Carvi 155,176 

- Coriandri 156, 176 

- Crataegi 198, 224 

- Cubebae 265, 272 

- Foeniculi 153, 168 

- Frangulae 57, 64 
~ juniperi 159, 1.90 

- Myrtilli 282, 288 

- Petroselini 154, 174 

- Piperis 292, 298 

- Rhainni cathartici 57, 64 

- Sennae 58, 68, 70 
Fnmaria officinalis 9 
Fumariae herba 9, 36 
Fumaritory herb 9 
Furanosesquiterpenes 190 
Furanochromones 128, 138 
Furanocotunarins 125, 128-131 
Furanoquinolines 129, 131,144 

Galangae rhizoma 292, 300 
Galangol 292, 300 
Galeopsidis herba 76, 88 
Galeopsis segetum 76 
Galium odoratum 126 
Galuteolin 226 
Garlic 294, 302 
Geisemii radix 8, 28 
Gdsemine 8, 28 
Gelsemium species 8 
Gemmae Sophorae 203, 230 
Genista tine tor ia 10 
Genistae herba 10, 38 
Genistin 38 
Gentian root 75 
Gentiana species 75 
Gentianae radix 75, 84, 86 
Gentianoside 75 
Gentiobioside 75, 86 
Gentiopicrin 75, 84, 86 
Gentiopicroside 75, 84, 86 
Geraniol 162, 166 
Ginger 293 

Gingerols 293, 296, 300 
Ginkgetin 237, 240 
Ginkgo biloba 236, 240 
Ginkgol 237, 238 
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Ginkgolides 236, 237, 240 

Ginseng radix 307, 318 

Ginseng root 307 

Ginsenosides 307, 312, 318 

Gitoxin 102,105,112 

Glechoma hederacea 308 

Glacofrangulin A,B 56, 64 

Glucosinoiate 293, 294 

Glycyrrhetic add 308, 330 

Glycyrrhiza glabra 330 

GlyCyrrhizic acid 308, 314, 326, 332 

Glycyrrhizin 308, 314, 326, 330, 332 

Golden seal 10 

Grape root 11 

Grapple plant 76 

Greater celandine 10 

Greek sage 158 

Ground ivy 308 

Gum 

- myrrh 160 

- benjamin 160 
Gypsogenin 315 
Gypsophila species 309 
Gypsoside A 315 

Harmalae semen 8, 30 
Harman alkaloids 8, 30 
Harpagid 76, 88 
Harpagophyti radix 76, 88 
Harp agophy turn 

- zoyhert 76 

- procumbens 76 
Harp ago side 76, 88 
Hashish 257, 260 
Hawthorn herb 198 
Hawthorn fruits 198 
Heart seaae herb 203 
Hedera helix 307 
Hederacosides 307, 322 
Hederae 

- folium 307, 322 

- terrestris herba 308, 322 
Hederasaponin 307 
Hederins 307, 322 
Helenaline 197, 207, 214 
He.lich.rysi ties 200 
Helkhrysin A/B 200, 212 
He.liehrysum arenarium 200 
Hellebore 

- rhizome 104 

- root. 104 

Hellebori radix 104,120 
Helieborus species 104 
Hellebrin 104, 120 
Helveticoside 103, 107, 116 
Hemp nettle 76 


Henbane 12 
Heraclei radix 129, 140 
Heraclcum spondylium 129 
Herba 

- Abrotani 127, 132 

- Absinthii 77, 90 

- Adonidis 103, 118 

- Anserinae 202, 230 

- Asperulae 126, 132 

- Avenae 307, 326 

- Basilici 153, 168 

- Cannabis 257, 260 

- Cardui benedieli 77 

- Centaurii 75, 84, 86 

~ Ccntellae 307, 314, 324 

- Cheiranthii 103, 116 

- Chelidonii 10, 40 

- Cnici 77, 90 

- Convailariae 103, 108, 118 

- Cynarae 77, 96 

- Droserae 276, 278 

- Echinaceae 242 

- Ephedrae 11,46 

- Equiseti 202, 226, 310 

- Eriodictyonis 204, 232 

- Erysimi 103, 116 

- Euphrasiae 75, 88 

- Galeopsidis 76, 88 

- Genistae 10,38 

- Hederae terrestris 308, 322 

- Herniariae 129, 146, 310 

- Hyperici 58, 70 

~ Lespedezae 202, 224 

- Lobeiiae 11, 46 

- Marrubii 77, 92 

- Meliloti 127, 132 

- Passiflorae 202, 230 

- Rutae 129, 144 

- Sarothamni 9, 38 

- Scrophnlariae 76, 88 

- Serpylli 155, 176 

- Solidaginis 203, 228 

- Thy mi 155, 176 

- Verontcae 76, 88 

- Violae 203, 228 

- Virgaureae 203, 228 

- Visci 264, 270 
Herbal drug mixture 355 
Hermann 

- glabra 129, 146 

- hirsuta 129, 146 

- saponin 129, 146 
Herniariae herba 129, 146 
Herniarin 129, 134, 146 
Hesperidin 203, 206 
Heterotheca inuloides 197, 214 
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Heterothecae flos 197, 214 
Hibisri flos 282, 286 
Hibisrin 282 
Hibiscus sabdariffa 282 
Hippocastani semen 308, 320 
Hog weed root 129 
HoHowroot 9 
Hollyhock 282 
Homoeriodyctiol 204, 232 
Hops 78 

Horse chestnut seeds 308 
Horsetail 202, 226 
Hu mull lupuli st rob ulus 78, 96 
Humulone 78, 82, 96 
Humulus lupulus 78 
Hydrastine 10,42 
Hydrastis 

- canadensis 10 

- rhizome 10, 42 
Hydrocofcyle asiatica 307 
Hydroplumbagin-glucoside 276, 278 
Hydroquinone 247, 252 
Hydroxyaloins 56, 62 
Hyoscyami folium 12, 48 
Hyoscyamine 12, 48 
Hyoscyamus species 12 

Hypaco ni tine 11, 46 
Hyperiei herba 58, 70 
Hypericins 58, 70 
Hypericum perforatum 58 
Hype reside 205, 210 

Iberidis semen 78, 94 
tberis amara 78 
Ignat it semen 7, 28 
Ignaz bean 7 
ilex paraguaricrisis 13 
Illidum species 153 
Imperatoriae radix 128, 140, 142 
Imperatorin 130, 134, HO, 142 
Indian pennywort 307 
Indian podophyllum 265 
Indian coriander 156 
Indian tobacco 11 
Indian valerian 342, 346 
Indole alkaloids 7, 14, 24 
Ipecacuanha root 8 
Ipecacuanhae radix 8, 32 
liidoid glycosides 76, 88 
Isoasarcme, trans 154 
Isobarbaloin-test 54, 62 
Tsobergapten 134 
Jsofraxidin 127, 134, 136 
Isogelsemine 8, 28 
lsoginkgetin 237, 240 
lsomenlhone 156, 178 


Isoorientin 202, 230 
Isopetasiii 201 
Isopetasol 201 
Isopimpinellin 130, 134 
Lsoquercitrin 205, 210 
Isoquinoline alkaloids 8, 32 
Isorhamnetin 205 
-glycosides 198,205, 210, 216 
Isosalipurposide 200, 254 
Isovaltrate 342, 343, 346 
Isoviolanthin 230 
Isovitexin 230 

IVDH v alt rate 342, 343, 346 
Ivy leaves 307 

J asm one 156, 164 

Jateorhiza palmata 10 

Jateorrhizine 10, 11, 42 

Jatror.rhizine 10,11,42 

Java pepper 265 

Java ciLronella oil 157, 180 

Jesuits tea 13 

Juglandis folium 201, 222 

Juglans regia 201 

Juglone 276, 278 

Juniper berries 159 

Juniperi fructus 159, 190 

Juniperus communis 159 

Justiciac-adhatodae folium 8, 30 

Kaempferol 

- formula 205 

- glycosides 197, 199, 202, 205, 210, 226 
Kava-Kava 258, 260 

Kawain 259, 260 
Kawapyrones 258 
Kernel 307 
Kbellin 128, 131, 138 
Kokusageninc 129, 131, 144 
Kryptoaescin 308 

Lanatosides A-E 102, 105, 112 
Lavander flowers 157 
Lavandin oils 1.57, 180 
Lavandula species 157 
Lavandulae flos 157, 180 
Laxative preparation 355, 356 
Lemon 

- balm 157 

- grass oil 157, 180 

- peel 158, 203 
Lespedeza capitata 202 
Lespedezae herba 202, 224 
Levistid radix 128, 140, 142 
Levisticum officinale 128 
Licorice root 308, 330 
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Lignans 263 
Lignum 

- Quassiae 77, 92 

- Sassafras 153, 168 
Ligusticum lactone 140 
Lily of the valley 103 
Lime flowers 200 
Union 158 

Linalool 153, 156, 157, 162, 166, 176, 180 

Linalyl acetate 163, 166, 180 

Liquiritiae radix 308, 314, 326, 330, 332 

Liquiritin 308, 314, 332 

Lobelia inflata. H 

Lobeliae herba 11,46 

Lobeline 11,46 

Loganin 75, 86 

Lovage 128 

.Lupulone 78,96 

Luteolin 205 

Luteolin glycosides 205, 212 
1 uteoli n - 5 -O-glycosi des 205, 226 
Luteolin-8-C-glycosides 205,210 
Lysergic add 8 

Ma-huang 11 
Mace 155 
Mads 155, 174 
Madecassoside 307, 324 
Magnoflorine 10, 11, 42 
Mahon ia 

-- aquifolium 11 
-bark 11,42 

Mahoniae radicis cortex 11, 42 
Malabar nut 8 
Male speed well wort 76 
Mallow flowers 282 
Malva species 282 
Malvae floS 282, 288 
Malvtdin, -glycosides 282, 288 
Mandragorae radix 128, 138 
Mandrake 128 
Marigold flowers 198 
Marihuana 257 
Marquis reaction 6, 34 
Marrubii herba 77, 92 
Marrubiin 77, 92 
Marrubium vulgare 77 
Marsdenia cundurango 78 
Master-wort 128 
Mate 

- folium 13, 50 

- leaves 13 
Matricaria 

- recutita 159 

- chamomilla 199 
Matricariae flos 159, 186, 199, 212 


Matricin 164 
Mauretanian mallow 282 
May-apple root 265 
May pop 202 
Meadow saffron 10 
Meadow-sweet flowers 199 
Meliloti herba 127, 132 
Melilotus officinalis 127 
Melissa 

- M. officinalis 157 

- oil substitutes 157, 180 
Melissae folium 157,178 
Mentha species 155, .156, 178 
Menthae folium 155, 156, 178 
Menthiafolin 75, 84, 86 
Menthofuran 156, 164, 178, 

Menthol 156, 164, 166, 178, 

Menthone 156, 164, 178, 

Menthyl acetate 156, 164, 166, 178 
Menyanthes trifoliala 75 
Menyanthidis folium 75, 84, 86 
Methylallylthiosulphinates 302 
Methyl chavicoi 152, 153, 164, 168 
Methylytisine 10, 38 
Methysticin 259, 260 

Mexican valerian 342, 346 
Mezerei cortex 127, 136 
Mezereon bark 127 
Milk-thistle fruits 204 
Missouri snake root 243 
Mistletoe 264 
Morphine 9, 34 
Mountain pine oil 160 
Mullein 200 
Mustard oil drugs 293 
Myristica fragrans 154, 155 
Myristicae 

- arillus 155 

- semen 154, 174, 293 

Myristidn 154, 155, 165, 166, 174, 293 
Myroxylon species 161 
Myrrha 160, 190 
Myrtilli 

- folium 248, 252 

- fructus 282, 288 
Myrtillin A 282 

Naphtoquinones 275, 276 
Narcissin 198, 205, 216 
Narcotine 9, 34 
Naringenin glycosides 206 
Naringin 78, 83, 84, 203, 206, 232 
Neohesperidin 78, 83, 84, 203, 232 
Neoquassin 77 
Nerii folium 114 
Nerium oleander 102 



Subject Index 379 


Neroli oil 157 
NicolSana species 11 
Nicotianae folium 11, 44 
Nicotine 11, 44 
Night blooming cereus 198 
Noscapine 9, 34 
Nuatigenin 307, 317 
Nutmeg 154 
Nux vomica seeds 7 

Oat 307 

Odmum basilicum 153 
Odoroside 102, 114 
Olea ettropaea 76 
Oleae folium 76, 92 
Oleander leaves 102 
Okandri folium 102, 114 
Oleandrin 102, 114 
Oleanolic acid 311 

- glycosides 198, 216 
Qleaskle 102, 114 
Oleoresin.fi 160 
Oleuropein 76, 92 
Qleuropeoside 76, 92 
Olive 76 

Onion 294, 302 
Ononidis radix 336, 338 
Ononis spinosa 336 
Opium 9> 34 

- alkaloids 9, 34 
Orange flowers 157 
Qreoherzogiae cortex 57, 64 
Orient in 202, 205, 224 
Orthosiphon species 204 
Orthosiphonis folium 204, 232 
Osier 250 

Ostruthin 128, 140 
Oxyacanthine 11, 42 
Oxypeucedanin, -hydrate 128, 134 

Paeonidin,- glycosides 288 

Palmatine 10,11,42 

Palustrine 207, 226 

Panax ginseng 307 

Pap aver somniferum 9 

Papaverine 9, 34, 226 

Pa rill in 309, 317, 318 

Parsley oils 174 

Parsley fruits 154 

Par rhenium integri folium 243, 244 

Passiflora incarnata 202 

Passi florae herba 202, 230 

Passion flower 202 

Pastinaca sativa 129 

Pastinaceae radix 129 

PaUsSinystalia johimbe 7 

Pegamtm harmala 8 


Pelargonidin-, glycosides 282, 283 

Peltatins 265, 266, 272 

Pepper 

- black 292, 298 

- white 298 

- cayenne 292, 298 
Peppermint leaves 156 
Peptide alkaloids 8 
Peri car pium 

- Citri 158, 182, 203, 232 

- Aurantii 78, 84, 157, 182, 203, 232 
Peru balsam 161 

Peruvianum balsamum 161 
Petasin 201,207,220 
Petasites species 201 
Petasitidis 

- folium 201, 220 

- radix 201, 220 
Petasol 201, 207 

Petit grain oil 158, 182 
Petroselini 

- aetheroleum 154, 174 

- frrictus 154, 174 

- radix 154 

Petroselinum species 154 
Petunidin 282 
Peucedanum ostruthium 128 
Peumus boldus 11 
Phenol carboxylic acids 208 
Phenylpropanoids 

- in essential oils 166 

- formulae 164 
Phloroglucides 78 
Phyllodulcin 330 
Physdon 56, 66 
Picea species 160 
Picein 248 
Piceoside 248 
Piehi-pichi 127, 134 
Pierasma excelsa 77 
Picrocrocin 284 
Picropodophyllin 265 
Picrosalvin 158 
Pigments 159, 188, 281, 286 
Pilocarpine 19, 22 
Pimpinella 

- anisum 152 

- major 129, 140 

- saxifraga 129, 140 
Pimpineliae radix 129, 140, 142 
Pimpinellin 129, 131, 140, 142 
Pine oils 160, 192 

Pinene 162, 192 
Finns species 160 
Piper 

- cubeba 265 



380 Subject Index 


Piper (cont.) 

- nigrum 292 

Pipel ine 292, 293, 298 
Piperis 

- frucLus 292, 298 

- methystici rhizoma 258, 260 
piper i tone 163, 166 
Piperyline 292,298 
Plantago lanceolata 76 
Plantagims folium 76, 88 
Plumbagin 276, 278 
Podophylli 

- rhizoma 265, 272 

- res in a 265, 272 
Podophyllin 265, 272 
Podophyllotoxin 265, 266, 272 
Podophyllum 

- emodi 265 

- pcitatum 265 
Polygala senega 310 
Poly gala e radix 310 
Polyines 159, 186 
Potentilla anserina 202 
Premarrubin 77, 92 
Presenegin 310, 315 
Primrose flowers 199 
Primrose root 308 
Primula 

-acid 308,311,320 

- dador 1.99, 308 

- saponin 308 

- veris 199,308 
Primulae 

- Mas 199,212 

- radix 308, 311, 320 
Priiniilaverin 308 
Priinverin 308 
Priverogenin 308,311 
Procumbid 76, 88 
Procyanidins 198, 208, 224 
Pros dll arid in 104, 109, 122 
Protoberberine 10 
Protohypericin 58 
Protropine 9, 10, 36 

Pruni spinosae flos 199, 218 
Prunus spinosa 199 
Pseudohypericin 58, 60 
Psychotrine 8, 32 
Pulegii aetheroleum 156 
Pule gone 156 
Pungent principle 

- drugs 291, 298 

- formulae 295 
Purines 13, 20, 50 

Purpurea glycosides A,B 102, 105, 112 
Pyranocoumarins 125, 131 


Pyri folium 248 
Pyrus communis 248 

Quassia 

- amara 77 

- wood 77 

Quassiae lignum 77, 92 
Quassia 77, 92 
Quebrachamin 7 
Quebracho cortex 7, 24 
Quercetin 204 

- glycosides 205, 210 

- 4*-0-glucoside 199, 205, 218 

- galloyhgalactoside 252 
Quercimeritrin 205 
Quercitrin 205, 210, 222 
Quillaic acid 309, 311 
Quillaja 

- bark 309 

- saponin 309 

- saponaria 309 
Quillajae cortex 309, 320 
Quinidine 9, 32 
Quinine 9, 32 

Quino.lizidi.ne alkaloids 9, 10, 32 
Radix 

- Angeltcae 128, 140, 142 

- Asari 154, 172 

- BeUadonnae 12, 48, 127, 138 

- Bryoniae 77, 94 

- Colombo 1.0, 42 

-• Echinaceae 242, 244 

- Eleutherocoeci 263, 264, 268 

- Gelsemii 8, 28 

- Gentianae 75, 84, 86 

- Ginseng 307, 318 

- I-Iarpagophyti 76, 88 

- Hdlebori 104, 120 

- I-Jeradei 129, 140 

- Imperatoriae 128, 140, 142 

- Ipecacuanhae 8, 32 

- Levistici 128, 140, 142 

- Liquiridae 308, 326, 330, 332 

- Mahoniae 11, 42 

- Mandragorae 128, 138 

- Pastinacae 129 

- Petasitidis 201, 220 

- Petroselini 154 

- Pimp.ine.lke 129, 140, 142 

- Polygalae 310 

- Primulae 308, 311, 320 

- Rauvolfiae 7, 24 

- Rehmanniae 76, 88 

- Rhei 57, 66 

- Saponariae 309, 320 
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- Sarsaparillae 309, 316, 318 

- Scopolke 12,48,127,138 

- Senegae 3 .10,318 

- uncariae radix 8, 30 

- Uzarae 114 

- Valerianae 34.1, 342, 346 

- Xysmalobii 102, 114 
Raspberry leaves 201 
Raubasine 7 
Raupine 7 
Rauvolfia 

- alkaloids 7, 24 

- species 7, 24 

- radix 7, 24 
Rauwolfia root 7, 24 
Rauwolsdne 7, 24 
Rebaudiosides 330, 332 
Rehmannia glutinosa 76 
Rehmanmae radix 76, 88 
Rehmannioddes A-C 76, 88 
Reseinnamine 7, 24 
Reserpine 7, 24 

R ham mi 

- cathartici fructus 57, 64 

- fallaci cortex 57, 64 

~ purshiani cortex 56, 64 
Rhamnus species 56, 57, 64 
Rhaponticin 57, 66 
Rluiponticoside 57, 66 
Rhei 

- radix 57, 66 

- rhapontici radix 57, 66 
Rhein 57, 59, 66, 68, 70 
Rheum species 57, 66 
Rheum-emodin 57, 59, 66 
Rhizoma 

- Calami 154, 172, 293 

- Cimicifugae 336, 338 

- Corydalidis 9, 36 

- Curcumae 159, 188 

- Galangae 292, 300 

- Hydrastis 10, 42 

- Piper is methystici 258, 260 

- Podophylli 265, 272 

*- Rusci aculeati 309, 324 

- Zingiberis 293, 300 
Rhubarb rhizome 57 
Rhychnophylline 8, 30 
Ribes nigrum 201 

Ribis nigri folium 201, 222 

Ribwort leaf 76 

Robinia pseudo acacia 197 

Robiniae fl.os 197, 218 

Robinin 197, 218 

Roman c(h)amomilIe flowers 159 

Rosemary leaves 156 


Rosmarinti folium 156, 178 
Rosmarinic add 156, 158, 178, 209 
Rosmarinus officinalis 156 
Rubi 

- fruticosi folium 201, 222 

- idaei folium 201, 222 
Rubus 

- fruticosus 201 

- idaeus 201 
Rue 129 
Rupture-wort 129 

RUsSci aculeati rhizoma 309, 316, 324 
Ruscin 309, 316, 324, 

Ruscogenin 309, 316, 324 
Ruscoside 309, 316 
Ruscus aculeatus 309 
Russian coriander 156 
Ruta graveolens 129 
Rulae herb a 129, 144 
Rutamarin 129 
Rutin 206,210 

Sab ad ilia e semen i I, 46 
Saffron 282 
SafranaJ 283, 284, 288 
Safrole 153,165, 166, 168 
Sage leaves 158 
Salidn 247, 249, 250, 254 
Salicis cortex 249, 254 
Salicortin 250, 254 
Salicoy! derivatives 247 
Salipurposide 200 
Salireposide 254 
Salix species 249, 254 
Salvia species 158 
Salviae folium 158, 184 
Salviathymol 355, 356 
Sambuci flos 199, 212, 218 
Sambucus nigra 199 
Sanguinarine 10,40 
Santonin, a- 159, 163, 186 
Sapon aria offi c i n al i s 309 
Saponariae radix 309, 320 
Saponin drugs 305, 318 
Sarmentosides 102, 116 
Sarothamni (Cytisi) herba 9, 38 
Sarothamnus scoparia 9, 38 
Sarsa 309 
Sarsaparilla 309 
Sarsaparillae radix 309, 316, 318 
Sarsapogenin 309, 316, 

Sassafras 

- albidium 153 

- lignum 153, 168 

- wood 153 

Schaftoside 202, 205, 230 
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Sciadopitysin 237, 240 
Sc illy e bulbas 104, 122 
Scillaren A 104, 122 
Scilliroside 104, 122 
Scopareside 9, 38 
Scopalamine 12 
Scopoletin 12, 127, 138 

- y-O-glucoside 12, 127, 138 

- 7-O-primveroside 127, 134 
Scopolia carniolica 12, 127 
Scopolia root 12, 127 
Scopoliae radix 12, 48, 127, 138 
Scope! i lie 138 

Screening methods 349 
Scrophularia nodosa 76 
Scrophulariae herba 76, 88 
Scutellarein te tram ethyl ether 206 
Secale 

- alkaloids 8, 26 

- cornutum 8, 26 
Secoiridoids 75 

Selenicereus grand i tier us 198, 216 
Semen 

- Cacao 13, 50 
.Coffeae 13, 50 

- Colae 13 

- Colchid 10, 40 

- Coriandri 176 

- Brucae 294 

- Harmalae 8, 30 

- Hippocastani 308, 320 

- Igmitli 7, 28 

- Myristicae 154, 174, 293 

- Sabadiilae 11, 46 

- Sinapis 294, 298 

- Strophanlhi 102, 103, 116 

- Strychni 7, 28 

- Toncae 127, 132 
vSempervirine 8, 28 
Senegae radix 310, 318 
Senegins MV 310, 315, 318 
Senna 

- leaves 57 

- pods 58 
Sennae 

- folium 57, 68, 70 

- fructus 58, 68, 70 

Sen nosides A-D 57, 59, 68, 70 
Serpentine 7, 24 
Serpylii herba 155, 176 
Sesquiterpene lactone 197, 214 
Seville orange peel 78 
Shogaols 293, 296, 300 
Siam-benzoin 161 
Siberian 

- spruce oil .160 


- ginseng 264 
Silverweed 202 
Silybin 204, 206, 234 
Silybum marianum 204 
Silyciiristin 204, 234 
Slnalbin 294, 297, 298 
Sinapin 294, 297, 298 
Sinapis 

- alba 294 

- nigrae semen 294 

- semen 294, 298 
Sinensetin 203, 204, 206, 232 
Sinigrin 294, 298 
Smilagenin 309, 316 
Smilax 

- saponin 309 

- species 309 
Soap bark 309 
Socotrine aloes 56, 62 
Solanaceae 

“ alkaloids 48 

- drugs 12, 48 
Soltdaginis herba 203, 228 
Solidago species 203 

Sopbora 
~ buds 203 

- japonica 203 
Sophorae gemmae 203, 230 
Southernwood 127 
Spanish sage 158 
Sparteine 9, 10, 38 
Spartii flos 10, 38 
Spartium junceum 10 
Spathulenole 159 
Spearmint leaves 155 
Speedwell 76 

Sphondin 129, 131, 140 
Spike lavender oil 157, 180 
Spiraeae llos 199, 218 
Spiraeoside 9, 198, 199, 205, 224 
Spray reagents see Appendix A 
Squill 104, 122 
St John's worL 58 
Star anise 153 
Steroid saponin 305, 307, 309 
Stevia rebaudiana 330 
Steviae folium 330, 332 
Stevioside 331, 332 
Stigma croci 281, 282, 288 
Stoechados flos 200, 212 
Stramonii folium 12, 48 
Strobuii Humuli lupuli 78, 96 
Strophanthi semen 102, 104, 116 
Strophanthin 102, 104, 116 
Slrophanthns 

- gratus 1.02 
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- kombe 103 
Strychni semen 7, 28 
Strychnine 7, 28, 226 
Strychnos species 7, 28 
Styrax species 161 
Sumatra benzoin 161 
Sweet flag 154 
Swerlianmrin 75, 84, 86 
Syrian rue 8 
Syr ingin 264, 268 
Syzygium aromalicum 154 

Tall mdilot 1.27 
Taxifolin 206, 234 
Tayuyae radix 78, 94 
Tea, black 13 

Terebinthinae aetheroleum 160, 192 

Terpineol 162 

Terpinyl acetate 156, 176 

Tetrahydrocannabinol (THC) 258, 260 

Tetter wort 10 

Theae folium 13, 50 

Thebaine 9, 34 

Theobroma cacao 13 

Theobromine 13, 50 

Theophylline 13, 50 

Thiosulphinates 294, 302 

Thornapple leaves 12 

Thujol 90 

Thujone 77, 90, 184 

Thyme 155 

Thy mi herba 155, 176 

Thymol 155, 156, 163, 166, 176 

Thymus species 155, 176 

Tilia species 200 

Tiliae flos 200, 212, 218 

Tiliroside 200, 201 

Tinnevelly senna 57, 58 

'Tobacco leaves 11 

Tolu balsam 1.61 

Tolutanum balsainum 161, 190 

Tonca beans 127 

Toncae semen 127, 132 

Torch weed (lowers 200 

Trachyspermum ammi 155 

Triandrin 249, 250, 254 

Trifolii fibrin i folium 75 

Triterpene saponins 305 

Trilerpenes 77, 335 

Tropine alkaloids 12, 48 

Tuber Aconiti 11, 46 

Turmeric 159 

Turpentine oil 160 

Tussilago Farfara 1.98 

Umbelliferone 127, 130, 132, 134 
Umbelliprenin 129, 142 


Umbrella leaves 201 
Una de galo 8 
Uncaria 8, 30 
Uncariae radix 8, 30 
Urginea maritima 104 
Ursolic add 308 
Uvae ursi folium 248, 252 
Uzara root 102 
Uzarae radix 102, 114 
Uzarin 102, 114 

Vaccinium species 248, 282 
ValepoLriales 341-343,346 
Valerian 

- indian 346 

- mexican 346 
Valeriana species 342, 346 
Valerianae radix 341, 342, 346 
Valtrate 341, 342, 346 
Valtrathydrins 346 

Vanillin glucoside 326 
Vanillic acid 346 
Vasicinone 8, 16, 30 
Vasicine 8, 16, 30 
Veratrin 11,46 

Verbasci flos 76, 88, 200, 212, 310 
Verbascosaponin 76, 88 
Verbascoside 209, 242, 244 
Verb as cum densiflocum 76, 200 
Veronica officinalis 76 
Veronicae herba 76, 88 
Veronicoside 76, 88 
Viburni cortex 204, 234, 248 
Viburnum species 204, 234, 248 
Vincae herba 7, 26 
Vincamajine 7, 26 
Vincamine 7, 26 
Vincine 7, 26 
Viola tricolor 203 
Violae herba 203, 228 
Violanthin 203, 228, 230 
Violier 103 

Virgaureae herba 203, 228 
Visci herba 264, 270 
Viscum album 264, 265 
Visnagin 128, 138 
Vitexin 198, 205, 224, 230 

- 2"-0-rhamnoside 198, 224, 230 
Vitis idaeae folium 248, 252 

Wall flower 103 
Walnut leaves 201 
White 

~ mustard seed 294 

- horehound 77 

- foxglove 102 
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Xysmalobii radix. 102, 114 
Xysmalobium undid atum 102 
Xysmalorin 102, 114 


Wild 

- angelica 128 

- thyme 155 

- nard 154 

- garlic 294, 302 

- pansy 203 

- quinine 243 
Willow 

- bark 249 

- species 249, 250 
Woodruff 126 
Wormseed 159 

Xanthorhamnin 57, 64 
Xanthorrhizol 160, 188, 293 
Xanthotoxin 128, 129, 130, 134, 140, 142 


Yangonine 259, 260 
Yellow chaste weed 200 
Yellow jasmine 8 
Yerba 

- dulce 330 

- santa 204 
Yohimbe cortex 7, 24 
Yohimbehe bark 7 
Yohimbine 7, 24 

Zingiber officinale 293 
Zingiberis rhizoma 293, 300 
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